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During several years of use certain improvements have devel- 
oped in the technique for using the apparatus designed by one of 
us for extracting from the blood and measuring the carbon diox- 
ide (Van Slyke, 1917), oxygen (Van Slyke, 1918), and carbon 
monoxide (Van Slyke and Salvesen, 1919). A technique has 
furthermore been developed whereby all the blood gases may be 
determined in one sample of 1 cc. of blood. The purpose of 
the present paper is to present these developments. 


A Modified Form of Blood Gas Apparatus for Especially Accurate 
Work.! 


For analyses in which it is desirable to reduce the error in 
reading the gas volumes to less than 0.005 cc. an apparatus modi- 
fied in one respect from the original macro form (Van Slyke, 
1917) is now used. The upper, graduated stem of the apparatus 
has been reduced in bore from 4 mm. to 2.7 mm., so that its 


1 The apparatus, with the water jacket and mechanical shaking device, 
may be obtained from Emil Greiner, 55 Fulton Street, New York.. 
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cross-section is halved. Consequently the length of tube hold- 
ing 1 cc. of gas is lengthened from 75 to 80 mm. to 150 to 160 mm. 
and it is divided into 100 instead of 50 divisions. In the finer 
tube gas volumes can be estimated to 0.1 of a division, or 0.001 
cc. Also, because of its narrowness the column of liquid can be 
easily seen through and the meniscus read sharply, even when 
the solution is deeply colored, as in whole blood analyses. 

The only difference in manipulation necessitated by the change 
in construction is in the manner in which the apparatus is shaken 
in extracting the gases. The extraction is accomplished by whirl- 
ing the blood mixture about the wall of the chamber, rather than 
by the repeated inversion of the apparatus. The measuring 
tube is of such small diameter that liquid caused to lodge in it by 
inverting the apparatus is dislodged with some difficulty. The 
mechanical shaker described by Stadie (1921) is well adapted 
for use with this form of the apparatus. 

In the narrow tube CO2 and O2 may be absorbed by admission 
of alkali and pyrogallol solutions as readily as in the wider tube 
of the original apparatus. It is desirable, however, in admitting 
the absorbing solution from the cup at the top of the apparatus 
to open the cock so slightly that the solution trickles down only 
one side of the narrow measuring tube below. If the solution 
enters so rapidly that it forms a solid column in the measuring 
tube it is dislodged by tapping the tube with the finger, or by 
running in mercury from the cup. When a viscous absorbing 
solution, like pyrogallol, is used, it is followed by a little water 
to clear the inner wall of the measuring tube. Even after careful 
admission of water or absorbing solution it is the rule for a slight 
but measurable amount to stick in the upper end of the measur- 
ing capillary, just below the stop-cock. A few gentle taps with 
the finger, or the admission of a drop of mercury from above, 
suffice for dislodgment. 

After the admission of any fluid from the cup into the chamber, 
time should be allowed for drainage before the gas volume is read. 
A few seconds suffice if only 0.1 cc. of gas remains to be measured, 
but 2 minutes are required if the volume approaches 1 cc. 

In order to obtain the benefit of the accuracy obtainable with 
the fine bore apparatus, it is necessary to use it in a room in which 
the temperature does not vary by more than 1°C., or to provide 
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Fic. 1. Fine bore apparatus with water jacket and shaking device. A 
Stadie scale for use in oxygen determination is shown marked on the side of 
the supporting board. The stick projecting from the levelling bulb is for 
measuring 500 mm. reduction in pressure. It is well to insert a glass air 
trap between the apparatus and levelling bulb, as described for the micro- 
apparatus (Van Slyke, 1917, p. 363). 
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it with a water jacket such as is shown in Fig. 1. The apparatus 
may be shaken by hand, or may be attached to a hinged board, 
as shown in Fig. 1, so arranged that the shaking may be done by 
a motor. 

The manipulation of the apparatus with the finer bore requires 
slightly more time and care than that of the original apparatus, 
and the latter is adequate for most purposes, such as the deter- 
mination of the oxygen capacity of blood as a measure of the 
hemoglobin, and of the carbon dioxide as a measure of the alka- 
line reserve, both values being capable of determination by the 
original apparatus to within 1 per cent of the amounts normally 
measured. For some purposes, however, such as the determina- 
tion of all the gases in 1 cc. of blood, the determination of carbon 
monoxide, or of the slight amount of nitrogen gas in blood, or 
when it is essential to keep the error in CQO, determinations 
below 0.5 volume per cent, or in oxygen determinations below 
0.25, the fine bore apparatus is desirable. 

In calibrating the apparatus, we attach to the bottom, either 
by sealing or by joining glass on glass with a heavy-walled piece 
of suction tubing, a glass tube bearing a fine bore stop-cock and 
drawn out into a fine capillary. Through the latter water is 
drawn up into the apparatus by means of suction applied to the 
outlet above the upper cock. When the entire apparatus and 
the upper outlet are filled with water, the cock of the capillary 
attached below is closed, and the suction is discontinued. The 
upper cock of the apparatus is then turned, so that the chamber* 
is connected with the empty cup. The water is now delivered 
through the cock of the attached capillary, 0.1 cc. at a time. 
The drops are caught in a weighing bottle containing a layer 
several mm. thick of paraffin oil. After the delivery of each 
drop, the tip of the capillary is touched to the surface of the oil, 
to detach all adhering water except a uniform minimum. The 
drops of water sink beneath the oil, and loss of weight by evapo- 
ration is prevented with completeness that is not obtainable by 
merely using a covered weighing bottle, which must be opened to 
receive each addition of water. The weighings are made to the 
nearest milligram. 

The calibration may also be performed with mercury, as 
described for the micro-apparatus.? In this case sealing the 


2 Van Slyke (1917), p. 365. 
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delivery capillary to the apparatus is necessary, as the pressure 
is sufficient to expand appreciably a rubber tube. 

The constancy of results which may be obtained with the fine 
bore apparatus is indicated by Table I, which shows the duplicate 
readings obtained in a series of analyses performed by Dr. J. P. 
Peters, Jr., in determining the CO, absorption curve of a specimen 


of blood. 
TABLE I. 


Results of Series of Duplicate Determinations of CO, in Whole Blood with the 
Fine Bore Apparatus. 


1 cc. of blood was used for each analysis. 


No, Total voluineot | Ry dierence 
ce. cc. ce. 
1 0.735 0.042 0.693 
0.725 0.033 0.692 
2 0.604 0.130 0.474 
0.603 0.130 0.472 
3 0.704 0.128 0.576 
0.696 0.122 0.574 
4 0.763 0.126 0.637 
0.764 0.126 0.638 


Magnification of Small Gas Volumes by Reduction of Pressure. 


When an accurate measurement of very small gas volumes 
(e.g., less than 0.05 cc.) is desired, as may be the case in deter- 
mining the N2 or CO content of blood, it is desirable for measure- 
ment to increase the gas volume by reducing the pressure. The 
reduction is accomplished by holding the levelling bulb lower, by 
the desired distance, than it would be placed in order to put the 
gas in the apparatus under atmospheric pressure. We have 
found 500 mm. of mercury to be a convenient reduction in pres- 
sure for this purpose. For readily locating this level we have 
used the light rod with the marker attached near its top, shown 
projecting up out of the levelling bulb in Fig. 1. The rod is a 
pine stick 2.5 mm. in diameter and a little over 500 mm. long. 
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The marker is a piece of stiff paper glued on 501 mm. from the 
bottom. The stick passes down into the levelling bulb through 
a piece of glass tubing about 10 em. long, which is held upright in 
a rubber stopper and serves to keep the stick in a vertical posi- 
tion during readings. At its lower end, within the levelling bulb, 
the stick terminates in a cork, which floats on the mercury. It 
dips 1 mm. below the surface in the case of our apparatus (the 
exact distance would, of course, vary for different sticks and 
corks) and to correct for this depth of immersion the distance 
from the bottom of the cork to the marker is made 501 instead 
of 500 mm. 

The measurement is made merely by placing the bottom of the 
marker at the level, in relation to the mercury and water levels 
inside the apparatus, at which one would place the level of the 
mercury itself in the bulb in order to obtain atmospheric pres- 
sure within the apparatus. 

The volume of gas read is reduced to atmospheric pressure by 
multiplying by the factor : B being the atmospheric 
pressure, H the height from the mercury in the levelling bulb to 
the marker on the stick (e.g., 500 mm.), and w the vapor tension 
of the water at the temperature at which the reading is taken. 

For example, a gas volume is read as 0.133 cc. at 25°, and 765 
— 500 = 265 mm. pressure. The vapor tension of water at 
25° is 23.6 mm. Hence, the volume of gas measured moist at 
265 — 23.6 _ 
765 — 23.6 
0.0433. This is reduced to 0°, 760 mm. measured dry by the 
usual factor given in Table XIII, which in this case is 0.888 X 


iw 0.894. The consequent volume at 0°, 760mm. is therefore 


760 

0.0433 X 0.894 = 0.0387 cc. 

The Nitrogen Gas Content of Blood, and its Effect on the Calculation 
of Results of Other Blood Gases. 


room temperature and pressure would be 0.133 X 


In the original paper on the determination of oxygen, the 
oxygen and nitrogen were extracted from the blood and meas- 
ured together, and the oxygen was estimated by deducting the 
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relatively small amount of nitrogen, which was calculated from 
Bohr’s determinations (1905) of the solubilities of gases in blood 
and water. The solubility coefficient of nitrogen gas in water 
(the volume of gas reduced to 0°, 760 mm., which 1 volume of 
water dissolves when in equilibrium with the gas at 760 mm. 
tension) at 38° is 0.0122; in blood Bohr found the solubility 
coefficients of chemically inert gases to be 92 per cent as great as 
in water. The. volume of nitrogen calculated to be held in solu- 
tion by 100 cc. of water at body temperature and 760 mm. baro- 
metric pressure (diminished by 48 mm. vapor tension of water) 
in equilibrium with the atmosphere is, therefore, 100 X 0.0122 X 
0.791 X Me = 0.90 cc. For blood, the calculated amount 
would be 0.92 as great, or 0.83 cc. 


Earlier analysts had found as much as 4 to 5 volumes per cent of nitro- 
gen gas in the blood, and attributed the excess above that which water 
would dissolve as due to leakage of air into the evacuated apparatus used. 

Bohr and Henriques (1897) by more accurate methods determined the 
nitrogen gas, along with the carbon dioxide and oxygen, in both arterial 
and venous bloods of a number of dogs (twenty-two analyses). They 
found that the nitrogen contents varied from the theoretically expected 
0.8 volume per cent to 1.7 volumes per cent, the average and most of the 
individual figures being in the neighborhood of 1.2 volumes per cent. In 
a paper published at nearly the same time Bohr (1897) found that when 
shaken with air at room temperature blood of the ox and dog, and like- 
wise 10 to 12 per cent solutions of oxyhemoglobin, absorbed 1.65 to 1.98 
volumes per cent of nitrogen. Water under the same conditions absorbed 
only 1.30 volumes per cent. Peculiarly enough, oxygen-free nitrogen was 
absorbed in no greater proportion by blood than by water. For the fact 
that blood in contact with air absorbs more nitrogen than does water, 
there appears to be as yet no well grounded explanation, although Bohr 
suggested that some easily dissociated oxide of nitrogen might be formed 
when nitrogen and oxygen meet in the presence of dissolved hemoglobin. 
In Bohr’s later paper (1905) on the absorption coefficients of gases in blood 
and water the bearing of these results on the absorption coefficient of 
nitrogen in blood is not considered, and the coefficient is given as 92 per 
cent of that in water. 

When the original paper on the determination of oxygen in the blood was 
published (Van Slyke, 1918) Bohr’s earlier data (1897) were overlooked, 
and the corrections for nitrogen gas were based on the solubility coefficient 
given in his 1905 publication. Van Slyke and Salvesen (1919), in later 
analyses in which the oxygen and nitrogen were measured separately, 
the oxygen being absorbed in the apparatus by pyrogallol, found that the 
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nitrogen gas in rabbit blood approximated 1.2 volumes per cent, a figure 
which agrees with the average found in dog blood by Bohr and Hen- 
riques (1897). Smith, Dawson, and Cohen (1919-20) have recently reported 
further analyses showing a nitrogen content of blood higher than that 
estimated from the solubility coefficient. 


We have performed a number of determinations of the nitro- 
gen gas content of blood, both as drawn from the veins and after 
equilibration with air at room temperature. It was found that 
the same results were obtained when no reagents were added as 
when ferricyanide was used to release the oxygen, or acid to 
release carbon dioxide. Consequently in the series here reported 
the nitrogen was determined by extraction in a vacuum without 
the addition of reagents. The apparatus employed was the 
model with the finer bore measuring tube described at the begin- 
ning of this paper. The technique used was the following: 


3 cc. of water and a few drops of octyl alcohol were freed completely 
from air by vacuum extraction in the apparatus in the usual manner. 
The extraction was always repeated in order to make certain that not even 
0.001 cc. of air was left. 1 to2 cc. of the water were run up into the cup, 
and 5 cc. of fresh blood, which had been drawn under paraffin oil without 
exposure to air, were run under the water and into the chamber of the 
apparatus. (The fact that the water during its brief contact with air in 
the cup absorbed no measurable amounts of air was proved by controls.) 
The blood-water mixture was evacuated in the apparatus and the gases 
were shaken out by hand for 3 minutes; longer shaking was found not to 
increase the yield of nitrogen gas. .After release of the vacuum the oxygen 
and carbon dioxide were absorbed by allowing a few drops of alkaline” 
pyrogallol solution to run slowly from the cup down the measuring tube. 
When absorption was complete, as shown by shrinkage of the gas to a 
constant volume, the somewhat viscous pyrogallol solution was washed 
from the inner walls of the tube by means of a little water, and the volume 
of unabsorbed gas was measured as nitrogen. The results are given in 
Table II. 


The results in Table II confirm those of Bohr in showing that 
the blood, both in the veins and after aerating at room tempera- 
ture, contains about 0.5 volume per cent more nitrogen gas than 
calculated from the solubility coefficient of the gas in water. Our 
results, perhaps because the simplicity of our method has reduced 
the chance of error, vary over a smaller range than Bohr’s. In 
venous blood the total range is 1.36 + 0.11 volumes per cent of 


D. D. Van Slyke and W. C. Stadie 9 


nitrogen, while in blood aerated at 23 — 30° in vitro it is 1.52 + 
0.2 volumes per cent. 

The results in Table II, as well as those of Bohr above referred | 
to, include as ‘‘nitrogen” all the gas extracted by evacuating 
blood, and left after absorption of oxygen and carbon dioxide. 
Regnard and Schleesing (1897) found besides nitrogen 0.04 vol- 


TABLE II. 
Nitrogen Gas in Whole Blood. 


No. Subject. | Duplicates. Mean. Temperature. 


Venous blood as drawn. 


vol. per cent vol. per cent vol. per cent °C. 
1 1.36 1.42 1.39 
2 St. 1.30 1.39 1.35 
3 M. L 1.63 1.30 1.47 
4 Kel. 1.33 1.33 
5 Schu. 1.36 1.36 
6 M.S. 1.30 1.30 
7 Koh. 1.43 1.43 
8 Dog 1. 1.44 1.26 1.35 
9 = 1.31 1.40 1.36 
10 Dr. B 1.25 1.25 

Venous blood saturated with air at room temperature. 

1 E 1.78 1.63 1.71 24 

2 St. 1.47 1.64 1.56 23 

3 Schu. 1.30 1.31 1.31 29 

4 Koh. 1.52 1.52 25 

5 V.S 1.60 1.60 1.60 23 

6 Dog 2 1.40 1.41 1.41 25 

7 Ox. 1.55 1.55 30 


ume per cent of argon in this gas fraction from horse blood, 2.00 
volumes per cent still remaining and being calculated as nitrogen. 
Whether it actually is all nitrogen, or a mixture of nitrogen and 
gases, such as methane, hydrogen, etc., not yet identified, is 
still uncertain. Hartridge (1919-20) has found as much as 1 
volume per cent of carbon monoxide in the blood of a heavy 
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tobacco smoker, but there appears to be no reason to believe that 
carbon monoxide forms any part of the unexplained ‘‘nitrogen”’ 
ordinarily present in normal blood. The probability that the 
residual gas is actually nitrogen is strengthened by the fact that 
it is increased by aerating the blood at room temperature. The 
reverse would be expected if any considerable proportion of the 
residual gas were other than nitrogen. 

It is evident from the above that when the nitrogen and oxy- 
gen, or nitrogen and carbon monoxide, of the blood are measured 
together, the volume of the gas accompanying the nitrogen van- 
not be estimated by deducting the volume of nitrogen estimated 
(as 0.83 volume per cent of the blood) from its solubility coeffi- 
cient, without introducing an error of approximately plus 0.5 
volume per cent into the calculation of the oxygen or carbon 
monoxide. 

There are two alternatives. (1) The average Ne content of 
blood as empirically determined (Table II) may be subtracted 
from the N. + QO, or from the Nz + CO in order to estimate the 
O,. or the CO. (2) The gas measured with the nitrogen may be 
determined by absorption with a proper reagent (e.g., pyrogallol 
for oxygen). The details of the calculations, from analyses made 
by both alternatives, of oxygen content, oxygen capacity, carbon 
monoxide content, and of methemoglobin, the determination of 
which is based on oxygen capacity determinations, will be taken 
up in the following pages in connection with the discussions of 
these determinations. 


Determination of Oxygen. 


1. Changes in Technique. 


A. Reduction in Amount of Ferricyanide Used.—We have re- 
duced the amount of potassium ferricyanide per ec. of blood from 
60 or 70 mg. (0.4 ee. of saturated solution for 2 ec. of blood) to 
10 mg., which, as shown in Table III, is still twice the minimum 
necessary amount. The ferricyanide solution used contains 
20 gm. per 100 ce. Cf this 0.1 ec., — 20 mg. of the salt, 
is used for 2 ec. of blood. | 

The smaller amount of ferricyanide causes as rapid and com- 
plete an evo!ution of oxygen as do larger amounts, and it has two 
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advantages over the latter. First, the smaller amount does not 
appreciably retard laking, and it is consequently unnecessary 
to wait for laking to become complete in the apparatus before the 
ferricyanide is introduced. Also, the possibility of error from 
incomplete laking is avoided. Second, reduction in the amount of 
ferricyanide reduces the formerly somewhat annoying amount 
of precipitate formed by interaction with the mercury in the 
apparatus. 

B. Use of Water Instead of Ammonia for Laking Blood.—In 
the original procedure (Van Slyke, 1918) the blood, before addi- 
tion of ferricyanide, was laked in the apparatus with saponin in 
a dilute ammonia solution, the proportions of blood and ammonia 


TABLE III. 


Effect of Varying Amounts of Potassium Ferricyanide on the Volume of 
Oxugen Liberated from 2 Cc. of Normal Human Blood. 


Ferricyanide added to 2 cc. O2 + Nez measured at Calculated O2 content of 
of blood. 20°, 765 mm. blood.* 
gm ce vol. per cent 
0.005 0.41 17.3 
0.010 0.53 22.8 
0.020 0.53 22.8 
0.100 0.53 22.8 


* 1.36 volumes per cent of N:2 being subtracted from O; + Nz after 
reduction of the total volume to 0°, 769 mm. 


being those previously adopted by Haldane and by Barcroft in 
their well known methods for determination of blood oxygen. 

We have found that the use of such a mixture may introduce 
two errors, both usually small but frequently measurable by our 
present technique: (1) the alkalinity of the mixture is not 
sufficient entirely to prevent in all cases the escape of COs, par- 
ticularly when the room temperature is high, and (2) the alka- 
line reaction accelerates some oxidative process by which part 
of the oxygen freed is slowly consumed. Hence, as shown by 
Table V, when the oxygen is freed in too alkaline a solution, 
the entire amount is not obtained. 

With the dilute ammonia formerly used, the slight alkalinity 
caused but little oxygen consumption, sometimes none (Table 
VI) and the average error from this source was approximately 
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balanced by the error in the opposite direction due to the small 
amount of CO, set free. Consequently the normal figure for 
the oxygen capacity of human blood determined by the former 
technique is not affected by present changes. 

At a temperature of 20°, and with ammonia of at least 0.06 N 
concentration (obtained by diluting 1 cc. of ordinary concentrated 
ammonia to 200 cc.), the CO, tension is usually too near zero to 
affect measurably the volume of the extracted gases (no decrease 
observed when the gases are washed with NaOH solution). If 
the temperature rises to 25 or 30°, however, or if by reason of 
standing or preparation from a weak stock solution the ammonia 
is of less than usual concentration, enough CO, may escape with 
the O, to increase the calculated volume per cent of the latter 
by several tenths, and occasionally more. There is also a diff- 
erence in bloods, some freeing measurable amounts of CO. under 
conditions where others do not. Presumably bloods richer in 
hemoglobin, which acts as a weak acid, require more alkali to 
reduce their CO, tension to zero. 

The obvious way to prevent mixture of CO, with the O2. + Ne 
would be to increase the alkali added to the blood to such an 
extent that there would in all cases be a sufficient excess. Such 
addition, however, increases the error due to oxygen consumption. 

The latter error, like that due to COz escape, may be nil or 
slight within the 2 minutes that usually suffice to extract all the 
oxygen. It is not uncommon, however, on extracting for a 
third minute, to observe a decrease of a few thousandths of a cc., 
amounting to 0.1 to 0.3 volume per cent of the blood. 

At present, therefore, we use water for laking the blood, which 
seems to obviate the error due to oxygen consumption. The 
10 to 20 volumes per cent of CO. that accompany the oxygen 
are removed after the extraction by absorption with NaOH 
solution, before the O2 + Nez volume is measured. Consequently 
the danger of error from admixture of CO, with the Oz + Nz is 
also avoided. 

The avoidance of ammonia has an additional advantage in 
reducing the insoluble black precipitate which forms in its pres- 
ence by the interaction of ferricyanide and mercury. With 
water as diluent and the lesser amounts of ferricyanide now used 
the precipitate is reduced to practically nil. 
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C. Details of Present Oxygen Determination.—The apparatus 
is washed out twice before each analysis with water, in the rapid 
manner described later in connection with the CO, determination 
(p. 22), in order to remove the alkali used to absorb CO, in any 
previous analysis. For 2 cc. of blood 6 cc. of water, 0.3 cc. of 
1 per cent saponin (Merck) solution, and 2 or 3 drops of caprylic 
alcohol are introduced into the apparatus and freed of air, as 
described in the original paper (Van Slyke, 1918), the extraction 
being repeated until no more air is obtained. 

Nearly the entire 6 cc. is then forced up into the cup of the 
apparatus. The blood is stirred to assure even distribution of 
corpuscles, and drawn into a pipette calibrated to deliver 2 cc. 
between two marks, of which the lower is 3 or 4 cm. from the 
tip. The pipette is introduced under the water solution in the 
cup, so that the tip rests on the bottom near the capillary. As 
the blood flows out of the pipette held in the left hand, the stop- 
cock is partially opened with the right, so that the blood ac- 
companied by some of the water, flows at once on into the cham- 
ber of the apparatus. The layer of blood need never rise more 
than 1 or 2 mm. above the bottom of the cup, and the slight 
amount adhering is washed completely into the chamber by the 
water which follows after all the blood has been delivered. 

Before the last cc. of water is readmitted, 0.10 to 0.12 cc. of a 
solution, containing 20 gm. of potassium ferricyanide per 100 cc., 
is added and thereby introduced into the chamber after the 
blood. (The ferricyanide may be measured with sufficient 
accuracy as 3 drops from a dropper which delivers 1 ec. in 25 
to 30 drops.) A mercury seal is made, and the apparatus is 
evacuated and shaken for 3 minutes. Usually 2 minutes, fre- 
quently less, are sufficient, but repeated trials have shown that 
3 minutes are sometimes required before the last traces of oxy- 
gen are extracted. Owing to the continued slow evolution of 
CO, from the unalkalinized mixture, it is not possible to check 
the completeness of the O2 + Ne: extraction by repeated measure- 
ments of the O2 + Nz + CO: volume; so it is desirable to con- 
tinue the extraction in each case for a sufficient period to insure 
its completion. Extraction being complete, the vacuum is re- 
leased by opening the lower cock, and the mercury together with 
the reaction mixture is allowed to run up into the chamber of the 
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apparatus. The gases obtained from 2 cc. of blood are normally 
about 0.50 ec. of Ox, 0.015 ec. of Ne, and 0.2 ec. of CO, about 
one-fifth of the total blood CO, being evolved under the condi- 
tions of the analysis. In order to absorb the CO, the levelling 
bulb is placed at such a height that the mercury in it is slightly 
below the level of the mercury in the apparatus, so that a slight 
negative pressure is maintained in the latter. 0.5 cc. of 0.5 
nN NaOH solution, previously saturated with air or oxygen, is 
admitted from the cup of the apparatus and allowed to trickle 
slowly down the inner wall to absorb the CO, from the gas mix- 
ture. If, as is frequently the case with the fine bore apparatus, 
the latter part of the solution enters as a solid column instead of 
running down the walls, it is dislodged by letting a little mercury 
pass down through it in a fine stream from the cup above. Since 
the mercury droplets are coated with alkali solution, they rapidly 
complete the absorption of CO, as they pass the gas column. 

Even when all the alkali solution appears to flow down the 
sides of the gas pipette a little usually remains just below the 
stop-cock. If neglected, this amount introduces an error of 
from 0.005 to 0.010 cc. in the gas volume reading, but it can be 
easily dislodged by a drop of mercury run in as above described. 

After absorption of CO, is complete time for drainage of the 
alkali solution must be allowed before the reading is taken (see 
p. 2). 

For the reading the height of the levelling bulb is regulated 
by the scale described by Stadie (1921) in the accompanying 
paper, and shown in Fig. 1 of this paper. The use of the scale 
may be obviated by trapping the extracted solution in the bulb 
below the lower cock, as in the determination of CO, (Van Slyke, 
1917), before the vacuum is released. 


2. Calculations Connected with Oxygen Determinations. 


A. Calculation of Total Oxygen Content of Blood.—The total 
oxygen content of blood includes both the oxygen chemically 
bound by hemoglobin and that held in physical solution by the 
blood fluids. 

When the oxygen and nitrogen are extracted and measured together, 
as described in the original paper, the calculation is made as there 
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described, except that instead of subtracting the theoretically 
estimated 0.9 volume per cent of nitrogen from the O2 + Ne con- 
tent the empirically determined 1.36 volumes per cent are subtracted. 

When from the mixture of O. + Ne the O2 ts directly determined 
by absorption with pyrogallol, as described by Van Slyke and 
Salvesen (1919), the empirical correction for nitrogen is, of course, 
avoided. Since absorption is completed in 1 minute it adds but 
little to the time required for an analysis. It is a useful check 
whenever there is reason to suspect leakage of air into the appa- 
ratus, as such an occurrence greatly increases the residual nitro- 
gen gas. 

B. Calculation of Oxygen Combined with Hemoglobin in Blood 
as Drawn.—The gases obtained together as described by ex- 
traction of arterial or venous blood collected out of contact with 
air are: (1) oxygen chemically combined with hemoglobin, 
(2) oxygen physically dissolved in the blood, and (3) nitrogen 
physically dissolved. For dissolved nitrogen the value as em- 
pirically determined above is 1.36 ce. per 100 cc. of blood. For 
oxygen the volume physically dissolved depends upon the par- 
tial pressure of oxygen with which the blood is in equilibrium. 
Arterial blood normally is in approximate though not complete 
equilibrium (Krogh and Krogh, 1910) with the alveolar air, which 
varies in its oxygen content from 14.5 to 17.5 per cent. Assum- 
ing a mean value of 16 per cent, the oxygen dissolved at 38°C. is 
approximately 100 0.022 X 0.16 X 
per cent. In venous blood, however, and in partially saturated 
arterial blood, the amount of physically dissolved oxygen varies 
with the varying oxygen tension, which is approximately indi- 
cated by the percentage of complete saturation of the blood with 
oxygen. An average value for the percentage of saturation of 
venous blood is 65 per cent, which corresponds to an oxygen 
tension of 35 mm. when the CQO, tension is normal (40 mm.). 
There is, therefore, 100 XK 0.022 < bed = 0.10 volume per cent 
of oxygen physically dissolved in such a sample. 

Therefore when the total Oz is determined by extraction and 
absorption with pyrogallol, the O. combined with hemoglobin 


= 0.33 volume 
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may be approximately estimated by. subtracting from the total 
O, 0.3 volume per cent for arterial blood and 0.1 for venous. 

When Nz and QO, are measured together, the corrections for 
dissolved Nz + O2 which are subtracted in order to estimate the 
combined QO, are 1.36 + 0.3 = 1.66 volumes per cent for arterial, 
and 1.36 + 0.10 = 1.46 for venous blood. Discarding the last 
decimals, the corrections are 1.7 volumes per cent for arterial 
blood, 1.5 for venous. 

The above corrections are estimated from the average oxygen 
tensions of arterial and venous blood. The corrections due to 
dissolved oxygen are so minute that fluctuations from the aver- 
age can exceed the experimental error only in most refined work. 
If, however, a greater degree of accuracy is desired the values in 
Table IV may be used. They are calculated from the curve of 
Barcroft (1914). 

C. Oxygen Combined with Hemoglobin in Blood Artificially 
Saturated with Air (Oxygen Capacity of Blood).—In determining 
the oxygen capacity (usually as a measure of the hemoglobin con- 
tent) blood is saturated with air at room temperature, as described 
in the original paper (Van Slyke, 1918). From the total Ne + Oz 
obtained on extraction of blood thus saturated, it is necessary to 
deduct the N. and the physically dissolved O2. According to 
Bohr (1905) the solubility coefficient of oxygen in blood is 0.031 
at 15°, 0.022 at 38°. For the usual room temperature range of 
15-25°, the coefficient varies from 0.031 to 0.027, with a mean 
_ of 0.029 at 20°. The volume per cent of oxygen physically dis- 
solved by blood equilibrated with atmospheric air at 20°, 760 
mm., may therefore be estimated as 100 X 0.029 x 0.209 X 
= 0.59. At 25° the figure would be 0.55, at 15° it 
would be 0.63. The figure thus calculated from the solubility 
coefficient may, as in the case of nitrogen, not be exact, but it 
does not appear probable that the error, if there is one, is large 
enough to be significant. If we add the figure for oxygen dis- 
solved at 20° to the empirically determined nitrogen content of 
blood saturated with air at room temperature we have 0.59 + 
1.52 = 2.11 volumes per cent of physically dissolved O2 + Ne 
to subtract from the total O. + Ne content in order to obtain 
the oxygen combined with hemoglobin. 
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When the total O, of the saturated blood is determined directly, 
by absorption with pyrogallol, correction is to be made only for 
the 0.59 volume per cent of physically dissolved oxygen. 

In Table I of the original article (Van Slyke, 1918) the volume 
of ‘“‘dissolved air’? to be subtracted from blood shaken at 20° was 
calculated from the solubility coefficient of air to be 0.034 cc. 
This corresponds to 0.031 cc. measured at 0°, or 1.55 volumes 
per cent of the 2 cc. of blood analyzed, a figure 0.55 volume per 

TABLE IV. 


Oxygen Estimated Held in Physical Solution by Blood at 38° at Different 
Oxygen Tensions and Saturations. 


: Oxygen tension cor- 
oxygen. | Tesponding to satura- | Nat On (diseolved). 
per cent mm. Hg vol. per cent vol. per cent 

0 0 0.00 1.36 
10 11 0.03 1.39 
20 16 0.04 1.40 
30 19 0.05 1.41 
40 22 0.07 1.43 
50 27 0.08 1.44 
60 31 0.09 1.45 
70 37 0.11 1.47 
80 46 0.13 1.49 
90 65 0.18 1.54 
95 90* 0.24 1.60 
100 120 0.32 1.68 
100 140f 0.37 1.73 
100 | 150t 0.40 1.76 


* Approximate arterial tension. 

t Tension of blood equilibrated in vitro at 38° with air containing CO2 
at 40 mm. 

t Tension of blood equilibrated in site at 38° with air containing no 
added gas. 


cent below that based on the nitrogen content which we find by 
actual analysis. Consequently oxygen capacities calculated as 
outlined in, the original paper have been approximately 0.55 
volume per cent too high. This corresponds to an error of plus 
0.41 gm. of hemoglobin per 100 cc. of blood, or plus 3.0 per cent 
of the average normal hemoglobin content. 

D. Calculation of the Oxygen Unsaturation of Blood.—The oxygen 
unsaturation of blood was first defined by Lundsgaard (1918) 
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as the difference between the oxygen content of blood and 
the oxygen capacity. In determining the oxygen unsaturation 
Lundsgaard and others, including the authors, have estimated 
the oxygen capacity as the oxygen content of blood saturated 
with air at room temperature. At average atmospheric con- 
ditions (20° and 1438 mm. oxygen tension) blood contaimmng 
sufficient hemoglobin to bind 20.00 volumes per cent of oxygen 
would contain 20.58 volumes per cent of total oxygen, the 
extra 0.58 being the amount held in physical solution. How- 
ever, at 38° the same blood would likewise bind 20.00 volumes 
per cent of oxygen with its hemoglobin, but would dissolve 
physically only 0.32 volumes per cent, making a total of 20.32 
volumes per cent. The oxygen unsaturation of such a blood 
would be calculated according to the above mentioned method 
as 20.58 — 20.32 = 0.26 volume per cent, instead of zero, which 


‘it obviously is. The error of calculation is barely within the 


limit of experimental error of the determinations, and is alto- 
gether too slight to affect significantly any results thus far pub- 
lished, but it seems nevertheless worth while to correct it in the 
future by basing the calculations on figures representing oxygen 
combined with hemoglobin rather than on total oxygen. The 
example given at the end of the paper indicates the preferred 
mode of calculation. 

Table XIII at the end of this paper will be found of convenience 
in making the above calculations. 


3. Magnitudes of Error in Different Steps of the Oxygen 
Determination. 


A. Measurement of Blood Sample.—The accuracy with which 
samples of blood can be delivered from an Ostwald pipette of 
the type described by Van Slyke and Cullen (1914, p. 215) is 
indicated by the following successive weighings. ‘The blood was 
well stirred before each sample was drawn. Nine successive 
weighings from a 2 cc. pipette gave 2.1072, 2.1090, 2.1100, 2.1076, 
2.1093, 2.1071, 2.1072, 2.1051, and 2.1069 gm. of blood, the 
maximum variation being from 2.1101 to 2.105, or 2.1075 + 
0.0025 gm., the maximum deviation, 0.0025 gm. being 0.11 per 
cent, the average 0.05 per cent of the amount measured. 

B. Reading of Gas Volume in Fine Bore Apparatus with 0.1 
to 0.2 Cc. of Water above Mercury. Levelling Bulb Adjusted with 
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Eye. No Side Arm or Levelling Scale.—A series of measurements 
on the same portion of gas under the above conditions gave, 
when reduced to 760 mm., 0°, eight successive readings between 
0.729 and 0.732 cc., the maximum deviation being, therefore, 0.0015 
cc. from the mean, or 0.2 per cent of the gas volume measured. 

C. Reading of Gas Volume in Fine Bore Apparatus with 8.5 Ce. 
of Water above Mercury. Side Arm on Levelling Bulb. New 
Levelling Scale (Stadie, 1921) Used in Adjusting Levelling Bulb— 
Nine successive readings on a given gas sample varied between 
0.884 and 0.882 cc., the maximum deviation being, therefore, 
0.001 ec. from the mean, or 0.1 per cent of the gas volume mea- 
sured. Without the Stadie levelling scale, a maximum varia- 
tion of +0.004 cc., or four times as great, was encountered. 

D. Reabsorption of Air by Reaction Mixture During Delivery 
of Blood.—When, after being freed of air, the reaction mixture 
is forced up into the cup it is exposed to the atmosphere for a 
period of 1 to 4 minutes while the blood is being stirred and 
pipetted into the apparatus. Repeated tests have shown that 
no measurable amounts of air are absorbed by the reaction mix- 
ture during even longer periods of quiet exposure to the atmos- 
phere. 

E. Constancy of Results Obtainable-—With the use of the 
levelling scale and the technique described above the volumes 
of O2 + Noe, reduced to 0°, 760 mm., obtained from 2 cc. samples 
of blood were the following: 

Blood 1, 0.555, 0.555, 0.555, and 0. 556 ee. 

Blood 2, 0.436, 0.436, 0.442, 0.433, and 0.436 ce. 

The first series represents somewhat exceptional constancy, 
but the second, with a maximum variation of 0.437 + 0.005 cc., 
or + 0.25 volume per cent of oxygen, indicates rather greater 
variations than are usually to be expected. 


4. Relative Yields of Oxygen from Blood Laked in Alkali, Water, 
and Acid. 


The fact that a sufficient grade of alkalinity diminishes the 
yield of oxygen, and that acid may to a less extent cause a similar 
diminution is indicated by the data in Table V. The analyses 
were performed as described on page 13 of this paper, except 
that instead of 6 cc. of water added to the 2 cc. sample of blood, 
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an equal volume of a solution containing the indicated amounts 
of acid or alkali was added. The extracted gas was tested with 
NaOH solution to absorb CO, after use of the alkaline as well 
as the acid and neutral solutions. An amount of CO, equivalent 
to 0.5 volume per cent of the blood was obtained from the blood 
+ ammonia mixture, and to 0.65 from the carbonate. 


TABLE V. 
Oxygen Content of Blood Determined after Laking in Alkali, Water, and Acid, 
Respectively. 
Amount of 
Alkali oracid added. or alkali + No. CO: 
of blood. 
millimols vol. per cent one swede vol. per cent 

0.28 25.15 93.6 0.55 
0.01 26.85 100.0 
Lactic acid...:........ 0.01 26.85 100.0 

0.10 26.35 98.1 


The results with this blood seem to indicate that the maximum 
yield of oxygen is obtained when water with negligible amounts 
of acid or alkali is used. That other bloods do not consistently. 
yield higher oxygen contents when no acid or alkali is added is 
indicated by Table VI, however. 

That the variations in results with the different reagents were 
not due to analytical errors appears to have been excluded by 
the constancy with which duplicates with each solution agreed. 
Blood 3 was controlled with particular care. One sample 
each was analyzed in ammonia, water, lactic acid, and sodium 
carbonate solution in the order mentioned, then the entire series 
was repeated three times in the same order. The possibility of 
a change in the oxygen content of the blood, such as might have 
been conceived had all the ammonia solutions been done together, 
then all the water solutions, etc., was excluded. The results 
obtained were, nevertheless, in cc. of gas reduced to 0°, 760 mm., 
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from 2 ec. of blood, the following: ammonia, 0.431, 0.431, 
0.435, 0.433, average 0.433; water, 0.430, 0.430, 0.430, 0.431, 
average 0.430; lactic acid, 0.415, 0.408, 0.409, 0.417, average 
0.410; carbonate, 0.409, 0.410, 0.410, average 0.410. 

The variations might be explainable on the basis of the pre- 
viously mentioned oxygen reabsorption if the alkaline solutions 
were regularly lower, but they are not. All that one can con- 
clude at present is that the maximum, or nearly maximum amount 
of oxygen is yielded by blood treated with ferricyanide in water 
solution; and that markedly increasing the alkalinity greatly 
reduces the yield. The amounts of ammonia hitherto used, 0.15 


TABLE VI. 


Oxygen Contents of a Series of Bloods Determined after Laking in Alkali, 
Water, and Acid, Respectively. 


Oz + N2 content. 
Blood No. Species. Ammonia Lactic acid NazCos 
. 0.225 milli- Water 0.1 milli- | 0.28 milli- 
mol — mol per cc. | mol per cc. 
ec. of blood. of blood. of blood. 
vol. per cent | vol. per cent | vo!. percent | vol. percent 
1 Horse ++ 17.58 17.70 17.65 
2 Man ++ 20.73 20.91 20.95 
3 Dog ++++ 21.5 21.5 20.5 20.5 
4 Dog ++ 21.5 20.9 20.5 
5 Man ++ 23.2 23.7 23.6 
+-+ Two agreeing determinations with each reagent. 
+ Four “cc “ce “cs 


to 0.20 millimols per cc. of blood, may in some bloods cause 
variations of a fraction of a volume per cent of oxygen from the 
results with water; and similar variations may be caused by the 
amount of lactic acid (0.1 millimol per cc.) required to free all 


the COs. 


&. Comparison of Results of Oxygen Capacity Determinations 
‘by Present Method and Haldane Method. 


Comparative determinations were carried out in a series of 
five bloods by our method as described in this paper, with water 
to lake the blood, and by Haldane’s recent modification of his 
method. The results given in Table VII are each the average of 
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two or more determinations. The results by Haldane’s method 
average 1 volume per cent lower than those by ours. It appears 
probable that the relatively low results by Haldane’s method 
are due to the difference in the laking solutions used, rather than 
to the difference in apparatus employed to measure the oxygen 
evolved, since when instead of water we used 1 per cent Na»CO3; 
solution (as in the Haldane method) to lake the blood in our own 
apparatus we encountered similarly low results. 


TABLE VII. 


Oxygen Capacities of a Series of Bloods Determined by the Authors’ and by 
Haldane’s Method. 


No. Authors’ method. Haldane method. 
vol. per cent O2 vol. per cent O2 A oe 
1 21.78 19.80 90.9 
2 21.84 20.84 95.4 
3 19.37 19.62 101.2 
4 19.62 18.75 95.6 
5 15.29 14.30 93.6 


Determination of Carbon Dioxide in Whole Blood and Plasma. 


The following changes have been made in the original methods. 

1. Transfer of Blood into Apparatus.—The 1 per cent ammonia 
solution used for washing out the cup of the apparatus’ before 
each determination has been dispensed with. Unless kept with 
especial precautions it gradually absorbs carbon dioxide from the 
air, and consequently must be continually tested. Otherwise a 
few drops left in the apparatus may carry enough ‘carbon dioxide 
to make a measurable plus error in the results. 

At present we merely rinse the cup out with water before each 
determination, and then run into it 1 ce. of distilled water. The 
blood or plasma is run under this layer of water. [ven if the 
latter has an acid reaction it affords an efficient mechanical 
hindrance to loss of carbon dioxide from the blood in the short 
time that the latter is in the cup. A drop of octyl alcohol is 


Van Slyke (1917), p. 354. 
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added, and the blood or plasma, followed by the layer of water, 
is run into the chamber of the apparatus. The layer of water, 
thus following the blood, serves to wash down the walls of the 
cup. In the case of whole blood, some corpuscles settle on the 
bottom of the cup. These are suspended in the water by stirring 
them up with the last 0.5 ec. of water after the first 0.5 cc. has 
passed into the chamber. 

After the blood or plasma, water, and octyl alcohol in succes- 
sive layers have run into the apparatus, leaving only the drop of 
alcohol in the capillary above the cock, the 0.5 cc. of acid is meas- 
ured into the cup and run through into the chamber. 

2. Lactic Acid Instead of Sulfuric for Decomposing the Blood 
Bicarbonate.—With plasma, sulfuric acid is entirely convenient, 
but when sulfuric acid is added to whole blood it causes a heavy 
protein precipitate, which adds some difficulty to accurate read- 
ing and subsequent cleaning of the apparatus. L. L. Van Slyke 
and Baker (1919) encountered a similar difficulty with casein 
precipitates in using the apparatus to determine carbon dioxide 
in milk, and obviated it by substituting lactic acid for sulfuric, the 
lactic holding the protein in solution instead of precipitating it. 
We have found that a similar advantage is gained by substituting 
N lactic acid for N sulfuric in the analysis of whole blood. The 
hemoglobin forms a clear burgundy solution with a smooth 
meniscus to read, and after the analysis is completed the appa- 
ratus may be cleaned by simply rinsing with water. Lactic acid 
is made up with sufficient accuracy for the purpose by diluting 
1 volume of concentrated acid (specific gravity 1.20) to 10 vol- 
umes with water. 

8. Absorption of CO, in Analysis of Whole Blood.—For absorp- 
tion of the CO, in the mixture of gases obtained after extraction 
of whole blood we find 0.5 n NaQH preferable to the 10 per cent 
KOH recommended previously. The more dilute alkali is of 
such light specific gravity that it floats on top of the blood, and 
makes a clear meniscus for reading the final volume. It should 
be admitted into the chamber with slight negative pressure, the 
mercury in the levelling bulb being held a few cm. below that in 
the chamber. If it is held much lower a slight amount of air 
may be extracted from the NaOH solution. 


‘Van Slyke (1917), p. 356. 


{ 
| 
| 
{ 
3 
| 
| 


24 Blood Gases 


4. Measurement of CO2 without Removal of Blood Solution from 
the Measuring Chamber.—When the manipulations are properly 
performed, it is possible to leave out one step in the analysis; 
viz., running the solution out of the main chamber into the lower 
bulb before releasing the vacuum. The vacuum may be released 
and the gas volume read with all the solution in the chamber, 
and yet without increased absorption of COs, if the following 
procedure is followed. After extraction of the gas the lower 
cock is opened, admitting the mercury into the extractfon cham- 
ber rapidly until the meniscus of the water solution reaches the 
contracted upper portion of the chamber. At this moment the 
lower cock is partially closed, and the remainder of the mercury 
is admitted at a rate sufficiently retarded to prevent oscillation of 
the water column in the calibrated portion of the apparatus, when 
pressure equilibrium is reached. The pressure is then adjusted 
by placing the mercury surface in the levelling bulb above the 
mercury meniscus in the chamber by a height equal to 1/13 that 
of the water column, in order to balance the latter. After some 
practice controlled by a centimeter rule, one can estimate this 
level with the eye to within 2 mm. of mercury, which is suffi- 
ciently accurate for many purposes. A more accurate practice, 
however, is to use the levelling scale described by Stadie (1921) 
and avoid the possibility of any error whatever in regulating the 
pressure. When the pressure has been adjusted the lower cock 
of the apparatus is closed. The gas volume may then be read 
at leisure. 

5. Cleaning Apparatus after Determination of CO. in Whole 
Blood.—When, as in most plasma analyses, the CO: is not re- 
absorbed no washing of the apparatus is necessary before using 
it for another determination, since the acid solution which wets 
the walls of the chamber contains a negligible amount of COs. 
When the CO, is reabsorbed by alkali solution, however, as in 
analysis of whole blood, the solution retains all the absorbed 
CO. and must be completely washed out before another analysis 
is performed. ‘The washing is conveniently carried out as follows: 
The upper cock of the apparatus is closed, and the levelling bulb 
dropped to its lowest level. While the mercury in the apparatus 
is falling, the 6 cc. cup at the top is filled with water. By this 
time the apparatus is evacuated and nearly all the water from the 
cup is let in, washing the entire chamber. The water is ejected, 
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and the rinsing repeated once more, 1 cc. of water being left in 
the cup to start the next analysis. Washing the apparatus out 
in this manner consumes less than a minute. 


6. Correction for CO, Reabsorbed After Release of Vacuum. 


While the mercury is rising in the apparatus during release of 
the vacuum after extraction of CO:, the layer of water over the 
mercury surface has an opportunity to reabsorb some of the 
CO, gas. In the original method (Van Slyke, 1917) such reab- 
sorption was guarded against by withdrawing the water solution 
as completely as possible into the bulb below the lower cock 
before the vacuum was released. By this expedient the volume 
of the water. layer left on the mercury was reduced to 0.01 to 
0.02 ec. Control analyses with standard solutions of Na,CO; 
gave theoretical results, so that it seemed that the error due to 
reabsorption had been made negligible. 

We have found, however, that although small, it is not negli- 
gible. The film of water as it rises in the apparatus reabsorbs 
1.5 to 2 per cent of the total amount of COs present. The fact 
that in the former control analyses 100 per cent instead of 98 to 
98.5 per cent of the theoretical amount of CO. was obtained 
from standard NazCQO3 solutions was presumably due to the 
presence of a slight excess of CO. absorbed from the laboratory 
air by the strongly alkaline standard stock solution during the 
interval between its preparation and the analyses. Such absorp- 
tion may occur more rapidly than at the time was realized. 

Concerning the reabsorption of CO, in the apparatus after 
release of the vacuum, we have ascertained the following. 

a. The amount of CO, reabsorbed is a constant proportion of 
the amount present. 

b. The reabsorption occurs almost entirely during the last part 
of the compression, while the gas volume is undergoing reduction 
from 5 cc. to its final volume. 

c. It is independent of the volume of water solution on the 
surface of the mercury. The absorption apparently is confined so 
nearly to the surface during the short period involved that depth 
of layer has relatively slight influence. The volume of water 
solution may be varied from 0.10 to 2.5 ec. without varying the 
volume of CO: reabsorbed. 
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d. Variations within wide limits (e.g. 5 and 40 seconds) in -the 
period during which the mercury is allowed to rise have no appre- 
ciable influence on the volume of COsz reabsorbed. 

e. The one factor that may markedly increase the proportion 
of CO, reabsorbed, is the manner in which the meniscus of water 
over mercury is brought to rest at atmospheric pressure in the 
measuring tube. If, as the meniscus approaches the narrower 
upper part of the apparatus, its rise is retarded, and the surface 
is allowed to come gently to the point of equilibrium with no 
oscillation, a minimum and constant proportion of CO, (1.7 per 
cent of the total) is reabsorbed. On the other hand, if the final 
rise is permitted to be violent, and the mercury with the water 
_ above it in consequence oscillates several times to a distance of 
several mm. above and below the point corresponding to atmos- 
pheric pressure before it comes to rest, 0.01 to 0.02 cc. of COz 
may be reabsorbed in the process. 

Certain of the above points are demonstrated “ the following 
experiments. 

Analyses of Standard Na,CO3; Solutions —NazCO3 was pre- 
pared from Merck’s ‘‘ Reagent’? NaHCO; by heating for several 
hours in an oven at 250°C. The Na,CO; thus prepared was kept 
in bottles with glass stoppers that had been rendered tight by 
regrinding and greasing. 

A 0.03 molecular solution of Na2CO; (3.180 gm. Na,CO3 per 
liter) was prepared by weight, and checked by titrating against 
0.1N HCl. 20 cc. neutralized to methyl orange 11.97 and 12.04 
cc. of 0.1 Nn HCl, after subtraction of 0.10 cc. of 0.1 N HCl re- 
quired to give the chosen end-point in a control water solution. 
Calculated 12.00 cc. 

The CO, content was determined with an apparatus of the 
usual size (50 cc. chamber, 1 cc. measuring scale), but designed 
like the micro-apparatus described by Van Slyke (1917, p. 363), 
so that there was no chance for reabsorption of CO, during 
release of the vacuum. Found, 67.4, 67.0, and 67.2 volumes 
per cent CO;. Calculated 67.2. Found = 100.0 per cent of 
calculated. 

The CO, content of this solution was vedeteeninnd on 1 cc. 
samples with the ordinary macro-apparatus (Van Slyke, 1917, 
p. 349) with a single extraction. Found, 65.5, 66.2, 65.9, 66.2, 
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66.4, average 66.0 volumes per cent. Found = 98.2 per cent of 
calculated. 

A 0.015 Mm solution was prepared by dilution of the above 0.03 
M solution with CO,-free water, and the CO. was determined 
by a single extraction in the same apparatus. Found, 33.1, 
33.1, 33.1, and 33.1 volumes per cent of CO. Calculated 33.6. 
Found = 98.5 per cent of calculated. 

Direct Determination of Reabsorbed CO,.—The determinations 
were carried out in the fine bore macro-type apparatus (Fig. 1) 
and were performed in the usual manner up to the point at which 
the vacuum is released. The mercury was allowed to rise to the 
desired point. At this point the outlet capillary, a, was connected 
with a suction pump. Then the supernatant atmosphere was 
freed of CO, by applying suction, letting in air, and applying 
suction again, by revolving the upper cock. This operation was 
performed in a few seconds, during which the solution in the 
chamber was kept quiet, in order to avoid reextracting the CO, 
that it held in solution. The air was then driven out through the 
cup at the top, the solution being driven after it into the cup, 
where it remained for a few seconds while the mercury seal of 
outlet, a, was reestablished. The solution was then readmitted 
into the chamber, and its CO, was extracted and measured. The 
measurements of the small volumes of gas were made after reduc- 
ing the pressure by 500 mm. of mercury, as described in this 
paper, and the purity of the CO. was controlled by absorption 
with NaOH. The results are given in Table VIII. 

From the preceding analyses of standard carbonate solutions 
we have shown that one extraction by the usual technique yields 
98.3 to 98.5 per cent of the calculated CO, volume, while from the 
analysis, in Table VIII, of the untrapped solution remaining in the 
chamber we have recovered 1.5 to 2.2, on the average 1.7 per cent 
of CO. reabsorbed during the rise of the mercury to the point of 
establishment of atmospheric pressure (Determinations 9 to 
15). It is therefore demonstrated in two ways that reabsorp- 
tion diminishes by a quite constant proportion, viz. 1.7 per cent, 
the amount of CO, obtained by the single extraction method used 
as originally described by Van Slyke. The constancy of the 
correction justifies its introduction into the calculations by 
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multiplying the theoretically established factors by ite = 1.017. 


This we have done in Table XIII. | 
Alternatives to using this correction factor are: (1) To re- 

extract the untrapped water solution after each analysis, as 

described in the experiments reported in Table VIII, and (2) to use 


TABLE VIIL. 
Determination of Reabsorbed COs. 


a b c d € f 
of 
CO> in Volume of | obtained estimated 
No. NaoCOs chamber | untrapped | from 2nd left in 
pet sr et over Hg solution | extraction | untrapped 
analysed. when CO2 left in of solution 
wasre- | chamber. | untrapped | after Ist eo 
by solution. jextraction.*} c—d 100 
cc cc cc ce. cc ce of 
1 0.672 50 0.17 0.002 0.002 0.000 0.0 
2 0.672 50 0.25 0.004 0.003 0.001 0.1 
3 0.672 25 0.29 0.004 0.004 0.000 0.0 
4 | 0.672 5) 0.20 0.005 0.003 0.002 0.3 
3 0.672 5 2.50 0.033 0.030 0.003 0.4 
6 0.672 2 0.20 0.007 0.002 0.005 0.7 
7 0.672 1 0.16 0.012 0.002 0.010 1.5 
8 0.672 1 0.10 0.012 0.001 0.011 1.6 
9 0.672 0.78 0.18 0.014 0.003 0.011 1.6 
10 0.672 0.78 0.20 0.014 0.003 0.011 1.6 
11 0.672 0.74 0.18 0.013 0.003 0.010 oe 
12 0.336 0.40 0.10 0.007 0.001 0.006 1.8 
13 0.336 0.40 0.20 0.009 0.0016 | 0.0084 2.2 
14 0.336 0.40 2.50 0.024 0.018 0.006 1.8 
15 0.336 0.40 2.50 0.023 0.018 0.005 1.5 


* Calculated as ac 


A + 4, 


the micro-apparatus (Van Slyke, 1917) in the original or an en- 
larged form. In such an apparatus the water solution may be 
entirely separated from the gas phase before the vacuum is re- 
leased, and reabsorption of CO. therefore made impossible. 

We have found, however, that with care to prevent oscillation 
of the mercury-water layer after atmospheric pressure is reached, 
such constant results are obtained with the simpler, usual apparatus 
and technique (see Table I), that we prefer to continue its use, 
merely introducing the factor 1.017 to correct for the reabsorp- 
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tion. This correction involves a change of about 1 volume per cent 


in the results of an ordinary blood or plasma CO, determination. | 


7. Calculation of CO. Results——In deriving the formula by 
which results were calculated in the original paper (Van Slyke, 


1917, p. 358) the factor = a’co, was used to calculate the frac- 


tion of the gas remaining dissolved in the water when equilibrium 
was reached in extraction. (S = cc. of water solution, 50 = ce. 
volume of extraction chamber, a’co, = cc. of CO2, measured at 
the prevailing temperature, dissolved by 1 cc. of water in equilib- 
rium with CO, gas at 760 mm. tension.) This factor repre- 
sents an approximation that is entirely exact only when a’co, 
= 1, which occurs at 18°. The deviation between the above 
approximate solubility correction factor and the exact factor 
increases, (1) as a’co, becomes greater or less than 1, and (2) 


as the ratio = increases. For the conditions under which the 


approximate factor was used, however, (temperature range 

15 - 30°, = 0.05) the error introduced does not exceed 1 part 

per 1,000. Consequently the numerical factors arrived at by 

the original approximate equation do not require correction for 
the sake of accuracy. 

It seems, however, desirable to present the exact general 
equation which expresses the relationships between gas and 
liquid phases under conditions such as those prevailing in the 
apparatus. 

V, = volume of CO, obtained by one extraction and measured 
at atmospheric conditions of t° temperature and B mm. 
barometric pressure. 

Voe 79 = total volume of CO:, reduced to 0°, 760 mm., in the 
solution analyzed. 

S = volume of water solution in apparatus. 

A = volume of chamber occupied by gas and solution during ex- 
traction (50 cc. in our apparatus). 

A — S = volume of gas phase during extraction. 

T = absolute temperature, = ¢ + 273. 

“aco, = solubility coefficient of CO. in water, the ec. of COr 

measured at 0°, 760 mm., dissolved by 1 cc. of water in 

equilibrium with CO, under 760 mm. tension. 
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a'co, = aco, X ms = distribution coefficient of CO. between gas 


and water = cc. of COs. measured at ?°, B mm. 
dissolved by 1 cc. of water in equilibrium with pure 
CO, at t®, B mm. (a’co, was referred to as aco, in the 
original paper.) 

vapor tension of water. 

partial pressure of CO, in apparatus when — is 
reached in the extraction. 

x = volume of CO, gas, measured at 0°, 760 mm., held in solu- 

tion when equilibrium is reached. 

The total CO, content of the solution analyzed is obtained by 
reducing the volume of CO, extracted to standard conditions by 
(B — w) 273 

760 T 
the volume thus corrected the volume xz of CO2 remaining in solu- 
tion. Thus: 


w 


multiplication with the usual factor , and: adding to 


B—w_ 273 
(1) Vor, 700 = Vi 760 xX T Tz 


Since the volume of gas dissolved is proportional to its partial 
pressure, solubility, and the volume of the solvent, we have 


Since pressure varies inversely as gas volume 
8) 
V 
(4) p= 


Substituting this value for p in (2), and the value eroby found 
for xin (I ), we have 


B-w 273 B-w Saco, 
(5) Vor, 7600 = Viz 760 x T + V 760 or 


B-w 273 


(6) Vor, 


‘70. \f 


t 
j 
700 = V 
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273 
Since = X equation (6) may be expressed as 


B-—w_ 273 S 
(7) = Vi 760 (1 +7 or 


B-w. 
(8) Ve, 100 = Ve 760 (1 + 0.00367 t) (1 co.) 
Factor correction for Factor correcting 


atmospheric pressure for  unextracted 
and temperature. CO,. 


In the approximate equation used in the original paper the 


factor correcting for unextracted CO, was 5 - When 
1 — %co: 


S 
a'co, = 1 (at 18°) this becomes identical with 1 + a’ con 


A 
both factors then reducing to yey 


; B 
The values of the combined factor 760 (1 + 0.00367 f 


S 
1+ A—s a! cor) multiplied by 1.017 to correct for reabsorption 


of CO, during release of the vacuum} are given in Table XIII at 

the end of this paper for the calculation of results. Expressing 

760 (1 + 0.00367 2) 


to be multiplied by a for other barometric pressures. Be- 


as f, we have given its values for B = 760, 


cause the vapor tension, w, is not quite the same fraction of B — w 
when 8B is other than 760, this usage is not absolutely exact. 
At a barometric pressure B = 740 it introduces an error of 
plus 0.1 per cent, at 700 mm., an error of plus 0.4 per cent. 
For barometric pressures outside the range 740 to 780 mm., 
therefore, one must use the customary tables for values of 
B-—w 
760 (1 + 0.00367 2) 
per 1,000. For work at ordinary altitudes, however, the factors 
as given in Table XIII are sufficiently exact. 


in order to avoid errors exceeding 1 part 
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Determination of Carbon Monozide. 


In the method of Van Slyke and Salvesen (1919) it appears 
slightly more accurate to use 1.36 volumes per cent as the correc- 
tion for nitrogen gas rather than the 1.2 volumes per cent correc- 
tion found by the above authors. Still more accurate results 
may be obtainable by absorption of the CO with ammoniacal, 
cuprous chloride solution as recently described by O’Brien and 
Parker (1921). 

In the determination of carbon monoxide it is advisable to use 
the finer bore apparatus and to magnify the gas volumes by re- 
ducing the pressure as described at the beginning of this paper, 
since the amounts of gas measured are likely to be much smaller 
than those measured when carbon dioxide or oxygen is determined. 

The blood should be trapped in the lower bulb of the apparatus 
before releasing the vacuum, as it is undesirable to mix blood 
with pyrogallol and cuprous chloride. 


Determination of Methemoglobin. 


In the determination of methemoglobin (Stadie, 1920) the total 
blood pigment is determined colorimetrically, and the methemo- 
globin is estimated by subtracting from the total pigment the 
oxyhemoglobin. The latter is determined by the oxygen capac- 
ity method. The oxygen capacity portion of the methemoglobin 
determination therefore requires revision in its method of calcu- 
lation, as outlined above. Instead of utilizing Table I of Stadie’s 
paper the oxygen capacity of the blood is determined and cal- 
culated as described above, to make complete allowance for the 
nitrogen gas content of the blood. The volume per cent of 
oxygen is then multiplied by 0.746, the number of gm. of hemo- 
globin that combines with 1 ec. of oxygen. The result is the 
number of gm. of hemoglobin per 100 ec. of blood. 

The change in the mode of calculation affords sufficient increase 
in accuracy to be justified, but the error involved in the former 
method is too slight to invalidate any results that have been 
obtained by it. The absolute error is 0.5 volume per cent in 
oxygen capacity (equivalent to 0.37 gm. of hemoglobin per 100 
ec. of blood) or about 2.5 per cent of the amount normally pres- 
ent. In the methemoglobin calculation this error is_ partly 
neutralized by the fact that the same percentage error is intro- 
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duced into the colorimetric estimation of total pigment by mak- 
ing the standard methemoglobin solution from blood in which 
the hemoglobin had been estimated by the same oxygen capacity 
method. For example, in Table IX the model calculation given 
on page 240 of Stadie’s paper (1920) is reproduced together with 
the calculation as corrected in this paper. It is seen that the 
change in methemoglobin calculated is but 0.1 gm. per 100 cc. 
of blood. 


TABLE IX. 
Methemoglobin Calculation. 
Hemoglobin per 100 cc. of blood. 
Calculated as | Gajcy] 
original “described in 
1920). *| this paper. 
gm gm 
Hemoglobin strength of standard blood calcu- 
lated from oxygen capacity.................6. 15.0 14.6 
Total blood pigment colorimetrically deter- 
mined = 1$ of standard...................6.. 12.5 12.2 
Hemoglobin determined by oxygen capacity.... 10.0 9.6 
Methemoglobin by difference................... 2.5 2.6 


Determination of All the Gases in One Blood Sample. 


Both carbon dioxide and oxygen, as well as the residual 
nitrogen, may be determined in one sample of blood with but 
little more expenditure of time and effort than is required to 
determine any one of the gases alone. For liberation of the 
gases both acid and ferricyanide are added to the blood in the 
apparatus, and all the gases are extracted and measured together. 
The CQ, is then absorbed by dilute alkali, leaving O. and No. 
The O. may then be determined by absorption with pyrogallol, 
or estimated by subtracting the average N2 content of blood from 
the sum of O. + Ne. | 

The essential point in determining the gases together was found 
to lie in the use of proper amounts of the reagents employed to 
set free the carbon dioxide and oxygen, particularly in the use of 
a minimum amount of acid. If potassium ferricyanide and a 
large excess of acid are added to blood, both oxygen and carbon 
dioxide are quantitatively freed, but the ferricyanide forms such 
a heavy precipitate with the blood proteins that it is inconven- 
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ient, although possible, to handle the resulting suspension in the 


apparatus. The precipitation of the proteins by ferricyanide 
occurs, however, only when the reaction is strongly acid. If but 
the minimum amount of lactic acid necessary to free the CO, 
with certainty is added, the ferricyanide-protein precipitate 
formed is so small in amount and so finely divided that it does 
not interfere with the determination. Furthermore, the acid can 
be trapped in the lower bulb of the apparatus before the blood is 
admitted, and can then be mixed with the blood after the appa- 
ratus has been evacuated. The blood is then in the lower part of 
the evacuation chamber, and such precipitate as does form does 


not touch the measuring tube at the top, which remains clean 


and clear. The precipitate, unlike the black deposit formed by 
action of ferricyanide on the mercury in the ammoniacal solution 


TABLE X. 
Amounts of Acid Required to Free CO. in Human Whole Blood. 
Lactic acid added to 1 cc. of blood. CO:z found in blood. 
millimols vol. per cent 
0.05 41.5 
0.10 52.8 
0.10 53.3 
0.20 52.8 


used in the original oxygen determination, is instantly soluble in 
0.1 N alkali. Consequently any particles that adhere to the walls 
of the apparatus are removed as a rule by a single washing with 
dilute alkali solution. 3 

The minimum amount of acid that will entirely free the CO, 
of whole blood for extraction under the conditions of our analyses 
was determined by preliminary experiments, some of which are 
recorded in Table X. The amount needed was found to be 1.0 
ec. of 0.1 N lactic acid for 1 ce. of whole blood. Half as much 
fails to set the CO. completely free. 

The minimum amount of ferricyanide required in the pres- 
ence of acid is the same as in ammoniacal solution; vzz., 5 mg. of 
potassium ferricyanide per 1 ce. of normal blood (Table II). In 
avoiding protein precipitation, however, the amount of ferri- 
cyanide present appears to be of much less importance than the 
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acidity of the mixture; if the acidity is too high, the minimum 
necessary amount of ferricyanide causes an inconvenient precipi- 
tate, while if the acidity is not too high an excess of ferricyanide 
may be used without such inconvenience. We consequently 
employ 10 mg. of ferricyanide per cc. of blood, twice the neces- 
sary amount. 

The analysis is performed as follows: 

Apparatus Used.—In order to obtain with 1 cc. of blood results 
for carbon dioxide and oxygen accurate to within 1 per cent of 
the amounts measured, it is desirable to use the fine bore type of 
apparatus described at the beginning of this paper, although, with 
care, results sufficiently accurate for many purposes may be 
obtained with the ordinary apparatus. 

Details of Determination.—First 2 cc. of 0.05 Nn lactic acid are 
admitted into the chamber of the apparatus. The acid is freed 
of air by evacuation and shaking in the usual manner. The air- 
free acid is then trapped in the bulb below the lower cock of the 
apparatus, and 1.9 cc. of water, with a drop of octyl alcohol, are 
similarly introduced and freed of air. The blood is now stirred 
and a sample drawn into an Ostwald pipette calibrated between 
two marks to deliver 1 cc. About 1.5 cc. of the air-free water in 
the gas analysis apparatus are run into the cup at the top, and 
the blood sample is at once run beneath it. We usually slightly 
open the cock below the cup while the pipette is draining, so 
that most of the blood flows directly into the chamber of the 
apparatus, the layer in the cup at no time being more than 2 to 
3 mm. deep. The layer of water, even though it be somewhat 
acidified, prevents, because of the relatively slow rate of diffusion 
through it, the loss of CO. from the blood. All the blood, fol- 
lowed by the water layer above it, is now admitted into the cham- 
ber of the apparatus. When about half the water layer has been 
run in, the half remaining in the cup is stirred with a rod in order 
to get into suspension a few corpuscles that have lodged on the 
bottom of the cup. 0.05 cc. of solution containing 20 gm. of 
potassium ferricyanide per 100 ce. is added to this last portion of 
water, which is then admitted into the chamber. The 0.05 cc. 
of ferricyanide solution may be conveniently measured as 1 drop 
from a pipette, which has been found by trial to deliver thus 0.05 
to 0.06 cc. of the solution. 
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The chamber is evacuated until the mercury has fallen to the 
50 ce. mark. The 2 cc. of 0.05 N lactic acid trapped in the lower 
bulb of the apparatus are now admitted and mixed with the 
rest of the solution. At this moment a small amount of brown 
precipitate forms, but not enough to interfere with the subse- 
quent manipulations. The oxygen and carbon dioxide (and car- 
bon monoxide if present) are extracted by whirling the solution 
about the wall of the evacuated chamber until, when the vacuum 


TABLE XI. 


Comparison of Carbon Dioxide and Oxygen Contents of Normal Venous 
Blood Determined Separately by Former Methods, and Together by 
the Present Combined Method, Respectively. 
Blood kept under paraffin oil. All determinations made within 3 hours 
after blood was drawn. 


Method. CO: O2 + Nz. O2 
. analysis. nide used. 
per cent per cent® 
O. alone. | Van Slyke, 1918. 2 21.1 19.6 40 
“ 1918. 2 20.9 19.4 40 
CO, “ ©: 1 65.1 
CO, “ 1 65.5 
CO, “ 2 65.0 
Oz + CO. | Present. 2 64.4 20.5 19.0 10 
O2 + 2 65.0 20.9 19.4 10 
O2 + COs. " 2 63.5 20.9 19.4 15 
O2 + COs. 2 64.4 20.9 19.4 30 
O2 + CO2. 7 2 64.2 20.9 19.4 70 


* The N2 was determined and found to be 1.5 volumes per cent. It is 
deducted and subtracted from the O, + Nz to estimate the Ox. 


is released and the gas measured, no increase in volume is observed. 
Complete extraction is usually attained in 1 minute when the 
apparatus is shaken by hand. When the mechanical shaker 
devised by Stadie (1921) has been used, 2 minutes shaking 
after the first evacuation, followed by 30 seconds shaking for the 
check evacuations, has been our usual routine. As a rule no 
increase occurs after the first evacuation. Increase after the 
second indicates a leak in the apparatus, due usually to improper 
lubrication of the upper cock. 
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When extraction of the gases is complete the water solution is 
trapped below the lower cock, as in the original CO, determina- 
tion, and the gases are measured at atmospheric pressure. 

The gases measured are COs, Oz, Ne, and sometimes CO. The 
CO, is absorbed by running 0.5 n NaOH from the cup down the 
side of the measuring tube until no further shrinkage of the gas 
volume occurs; about 0.5 cc. of the hydroxide solution suffices. 


TABLE XII. 


Comparison of Carbon Dioxide and Oxygen Contents Determined Separately 
by Former Methods, and Together by the Present Combined Method. 


All determinations made on 1 cc. samples in a fine bore apparatus 


Oxygen. CO: 
Method. 
Former. | Present. | Former. | Present. 
=" vol. tol. vol. 
per cent | per cent | per cent | per cent 
Blood aerated with alveolar air........ 18.1 17.9 58.7 58.2 
“diluted with saline.............. 9.4 8.8 38.7 39.5 
Venous blood about 60 per cent satu- 
0.02625 m Na2CO; (calculated 58.8 vol- 
umes per cent COz2). 58.7 59.1 


As the volume, S, of solution in the apparatus is twice as 
great as in the method as originally described, the factors used 
for calculation of carbon dioxide aré¢ different. For the present 
conditions, with 5 cc. of total water solution extracted in the 
apparatus, the factors are given in Table XIII. 

If no CO is present, the residual mixture left after absorption 
of CO. may be measured as O, + Ne, and from the Oz + Ne con- 
tent reduced to 0°, 760 mm. (by Table XIII), the average N, 
content of blood, viz. 1.36 volumes per cent, may be subtracted 
in order to estimate the oxygen; or the oxygen may be measured 
directly by absorption, as described by Van Slyke and Salvesen. 
In the latter case about 0.5 cc. of pyrogallol solution is run in 
from the cup, and is followed by a little water to clean the tube 
and give a clear meniscus for reading. 
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TABLE XIII. 
Factors for Calculation. 
1.017 f (1+ a’ 
f= : 50—S 
B-—w Air, ¢ measured at| factor by which the volume of CO: 
760 (1 + 0.00367 t) room temperature obtained after 1 extraction is 
Tem- | factor by which and pressure, multiplied in order to obtain the 
pera- | gas measured | a’ co, dissolved by volume of CO:, reduced to 0°, 
ture. moist at f°, 760 mm., contained in the 
B mm. is reduced solution analyzed. 
to 0°, 760 mm.* 
S = 2.5 ce. S = 5.0 ce. 
*C. ce. ce. 
B B B 
0.932 seen 1.002 — | 1.061 — 
15 oalieie 760 | 1.075 | 0.052 | 0.105 760 ‘ 760 
16 | 0.928 “| 1.043 | 0.051 | 0.101 | 0.995 “| 1.053 os 
17 | 0.924 “| 1.015 | 0.050 | 0.100 | 0.989 “| 1.046 gs 
18 | 0.919 “ | 0.989 | 0.049 | 0.098 | 0.983 “| 1.038 ae 
19 | 0.915 “ | 0.966 | 0.048 | 0.096 | 0.978 “| 1.030 = 
20 | 0.910 “| 0.942 | 0.047 | 0.095 | 0.972 “| 1.022 ™ 
| 21 | 0.906 “ | 0.919 | 0.046 | 0.093 | 0.966 “| 1.015 - 
“4 22 | 0.901 “ | 0.896 | 0.045 | 0.091 | 0.960 “| 1.008 3 
23 0.897 0.873 | 0.045 | 0.090 | 0.954 “| 1.001 
, 24 | 0.892 “| 0.850 | 0.044 | 0.088 | 0.948 “| 0.993 - 
25 |0.888 | 0.828] 0.043] 0.086]0.942 “10.986 « 
i 26 | 0.883 “| 0.808 | 0.042 | 0.084 | 0.936 “ | 0.978 - 
: 27 | 0.878 “| 0.789 | 0.041 | 0.083 | 0.931 “ | 0.971 “9 
4 28 | 0.873 “| 0.772 | 0.040 | 0.081 | 0.924 “| 0.964 “as 
; 29 | 0.868 “ | 0.755 | 0.040 | 0.080 | 0.918 “| 0.957 - 
30 | 0.863 “ | 0.738 | 0.039| 0.078] 0.912 “ {0.9590 


* To calculate O2 or hemoglobin when Oz + Nz volume is measured, 

? multiply gas volume by f, to reduce to 0°, 760 mm., and by such factor as is 

| necessary (100 when 1 cc. of blood is used, 50 when 2 cc. are used) to bring 
results to volume per cent basis. Then for 

i a. Oz content, subtract..... 1.36 vol. per cent N2 

: b. O2: bound by hemoglobin 

e in venous blood, 

subtract............ 

c. O2 bound by hemoglobin 

in arterial blood, 

subtract............ 

d. O: bound by hemoglobin 

in blood saturated 

with air at 20°, 

subtract..... 


N2 + dissolved O, 


“cc 


66 


¥ 
| 
i 
j 
" 
. 
— 


D. D. Van Slyke and W. C. Stadie 


TABLE XIlI—Concluded. 
00 d 


1 
Per cent of normal hemoglobin (Haldane scale) = a5 5.41 d. 


Grams of hemoglobin per 100 cc. of blood = 0.746 d. 


100b ~=:100 
Per cent of total hemoglobin saturated with O2 = — or rie 


Volumes per cent O2 unsaturation = d — c ord — b. 
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b and c may be determined with slightly greater accuracy with the aid 
of Table IV. The values for f given in the second column are for baro- 


metric readings corrected for temperature (see remarks on p. 31). 


The 


values for a’... are obtained by multiplying by 1 + 0.00367 ¢ the values 


for a, given by Bohr and Bock (1891). 


tT The dissolved air is given as measured at room temperature. 


It is 


subtracted from the air + COz volume, measured after one extraction of 
plasma or aqueous carbonate solution, in order to obtain the COz, which 


S 
is then multiplied by 1.017 f ( i+ 50—S 


i ) in order to obtain the 


total volumes per cent of CO, in the solution analyzed. When whole 
blood is analyzed, the air correction cannot be used, because of the Os 
present, and the COz must be determined by absorption with NaOH 
solution. The volume of gas absorbed is then multiplied by the above 


factor. 


The factor 1.017, being empirical (see p. 27), may vary slightly for 


different apparatus. 


If carbon monoxide is present, the oxygen must, of course, be 
absorbed by pyrogallol. The residual gas is the CO + 1.36 
volumes per cent of Nz. The CO is calculated by reducing the 


mixture of CO and N; to 0°, 760 mm. (Table XIII), and sub- 


tracting 1.36 from the result in volumes per cent, or the CO may 
be absorbed by cuprous chloride (O’Brien and Parker, 1921). 
The results of some determinations are given in Table XI and. 


XII. 
Examples of Calculations. 
1. Total Oxygen Content of Venous or Arterial Blood. 
a. From O2 and Nz Measured Together. 
Blood sample......... . 2.00 ce. 
O2 + N2 measured..... 0.405 “ at 25°, 750 mm 
0.405 X 0.888* X = Oo + Na... 0.3534“ “ 0°, 760 “ 
0.3534 X 50 = 0O:+N:2 per 100 ce. 
17.73 “ “ 0°, 760 “ 
1.36 “ “ 0°, 760 “ 
Oz by 16.37 “ “ 0°, 760 “ 


* Factor from second column of Table XIII. 


| 
| 
| 
1 
| | 
| 
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b. From O2 Determined by Absorption with Pyrogallol. 


Blood sample........ . 2.00 ce. 
Oz + Nez measured.... 0.405 “ at 25°, 750 mm. 


after absorption 


0.081 “ “ 25°,750 “ 
O, by difference...... 0.374 “ “ 25°,750 “ 
0.374 X 50 = QO, per 100 cc. blood.. 18.70 “ “ 25°, 750 “ 


18.70 x 0.888" x eo] * * * * 


2. Oxygen Combined with H emoglobin in Venous or Arterial Blood as Drawn. 
a. Venous Blood. 


Total O2, calculated as above.............. 16.37 cc. at 0°, 760 mm. 

Oz in physical solution.................... 0.10t “ “ 0°, 760 “ 

O2 combined with hemoglobin............. 
b. Arterial Blood. 

Total O2, calculated as above.............. 16.37 cc. at 0°, 760 mm. 

O2 in physical solution.................... 0.32, “ “ 0°, 760 


8. Oxygen Combined with Hemoglobin in Blood Saturated with Air at Room 
Temperature (Oxygen Capacity). 


a. From O2 and N2 Measured Together. 


Blood sample......... 2.00 ce. 
O. + Nz measured.... 0.495 “ at 20°, 767 mm. 


767 
0.495 X 0.910* x 0.455 “ “ 0°, 760 
50 X 0.455 = O.+ per 100 ce. 
Physically dissolved O2 + Nz per 100 cc. 


Combined per 100 ec. blood.. 20. 


b. From O2 Determined by Absorption with Pyrogallol. 
Blood sample........ . 2.00 ee. 
O. + N2 measured.... 0.495 “ at 20°, 767 mm. 


N: after absorption 


*Factor from second column of Table XIII. 
t These figures are approximate and are the average for arterial and 
venous bloods. For the accurate values of oxygen in physicalsolution see 


Table III. 
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0.462 X 0.910* X - X 50 = Total O2 per 100 
ec. blood........... 21.22 ce. at 0°, 760 mm. 
Physically dissolved 
per 100 cc. blood. 0.58 “ “ 0°, 760 “ 
Combined O:2 per 100 ce. 


4. Calculation of Hemoglobin Content from Oxygen Capacity. 
Combined O:2 per 100 cc. blood, calculated as above, 20.64 cc. at 0°, 


760 mm. 
20.64 X 0.746 = hemoglobin per 100 cc. 
= 15.40 gm. hemoglobin. 


20.64 | 
135 X 100 = per cent of Haldane’s aver- 


age normal hemoglobin....... = 112 per cent. 


5. Calculation of Oxygen Unsaturation of Blood. 


Oxygen combined with hemoglobin per 100 cc. 
of blood after saturation of blood with air 
at room temperature (oxygen capacity) 


20.64 ce. at 0°, 760 mm. 
Oxygen combined with hemoglobin of blood as 
drawn (Calculation Bar * * * 
4.37 
Percentage unsaturation = 100 X ne 21.2 per cent. 


6. Calculation of Total Gas Content from Analysis of 1 Cc. of Blood as 
Described in This Paper. 


a. COz + O2 + Nz measured.................5. 0.845 “ at 25°, 757 mm. 
b. O2 + Nz measured after COz2 absorption.... 0.248 “ “ 25°, 757 “ 
c. N2 “ 0.017 “ “ 25°, 757 “ 
CO, by difference (a — * 
757 
0.597 X 0.986f X 760 X 100 = COz per 100 ce. 
blood.......... * 
- 757 
0.231 X 0.888 X 760 xX 100 = O:2 per 100 ce. 
blood.......... m4. * 


757 
0.017 X 0.888 X 760 xX 100 = N2 per 100 cc. 


* Factor from second column of Table XIII. 
t Factor from last column of Table XIII. 


| 
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A MECHANICAL SHAKER AND OTHER DEVICES 
FOR USE WITH THE VAN SLYKE 
BLOOD GAS APPARATUS. 


‘ By WILLIAM C. STADIE. 
(From the Hospital of The Rockefeller Institute for Medical Research.) 


(Received for publication, December 30, 1920.) 


When many determinations of the blood gases by the Van 
Slyke method are made from day to day the shaking of the 
apparatus by hand becomes laborious, and it appears worth 
while to describe a mechanical shaker which has been used suc- 
cessfully for over a year. In addition several other simple devices 
are described which have saved time and labor. 

Mechanical Shaker.—The construction is made evident by 
reference to Fig. 1. The pulley is rotated by a small motor not 
shown in the diagram. The speed is regulated by a lamp 
and rheostat inserted in series. The shaking given to the appa- 
ratus by this device is rapid, efficient, and almost noiseless. ‘There 
is little danger of breaking the apparatus. We have used two of 
these shakers for more than a year without such accident. 

By means of a switch attached to an interval time clock, the 
current to the motor may be automatically shut off after the 
desired interval of shaking. The latter is usually 1 minute for 
a CQO, determination in plasma, 2 minutes for either CO2 or Oz 
in whole blood. 

The small rubber tube connected with the outlet of the upper 
stop-cock serves, after the analysis has been completed, to carry 
the expelled solutions to a waste bottle. A few drops of mercury 
are usually driven out with each portion of waste solution. The 
mercury thus lost from the apparatus collects in the bottom of the 
waste bottle, from which it is from time to time recovered, washed, 
strained through chamois skin, and restored to the levelling bulb. 

The bottle which serves to collect the waste residue may be 
conveniently placed in a sink, under an aspirator suction pump, 


43 


| 
| 


44 Mechanical Shaker 


the water from which washes the mercury. The suction may 
also be used conveniently to draw out waste fluids from the cup 
of the apparatus. 


¥ 


DETAIL 
OF PULLEY 


8cm 


Fria. 1. 


Levelling Scale-——When, as is usually our practice in oxygen 
determinations, the reaction mixture is left in the main chamber 
of the apparatus while the gas is measured, the surface of the 
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mercury in the levelling bulb must be raised sufficiently above 
that in the apparatus to balance the column of water solution 
in the latter. For accurate pressure adjustment under these 
conditions it is desirable to use an empirically calibrated scale, 
which may be attached to some convenient place on or near the 
stand holding the apparatus. 


Fia. 2. 


The scale is-calibrated by placing in the chamber of the gas 
apparatus an amount of water equal to the final volume of the 
reaction mixture to be used (e.g., 8 cc. for oxygen analysis of 
2 cc. of blood). Then, with the upper cock of the apparatus open, 
to establish atmospheric pressure within, one marks on the scale 
the levels at which the surface of the mercury in the levelling 
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bulb is held when 0.10, 0.20, 0.30, etc., cc. of gas are present in 
the apparatus. In subsequent analyses the levelling bulb is 
adjusted by comparison with the scale thus prepared. For 
particularly careful adjustment, the levelling bulb may have an 
upright side arm of 6 or 8 mm. diameter sealed into it; the mercury 
surface in the arm can be levelled against the scale somewhat 
more readily than the broader surface in the bulb itself. 

Tonometer Rotator..—When a separatory funnel is used as a 
tonometer for saturation of blood with gas, the funnel may be 
conveniently rotated by the device shown in Fig. 2. The stem 
of the funnel is slipped into a rubber tube which fits over the 
axle of a pulley turned by a motor. To secure even distribution 
of the blood about the inner wall, the separatory funnel is so 
arranged that its lower side is horizontal. The proper position 
may be attained either by suspending the neck of the funnel in 
a wire loop, or by laying the funnel in a horizontal trough. 


1Fig. 1 in the accompanying paper by Van Slyke and Stadie shows an 
apparatus provided with a levelling scale, and a levelling bulb with side 
arm. 
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THE CHEMICAL COMPOSITION OF THE OVARIES OF 
FRESH WATER GAR, LEPIDOSTEUS.* 


By ERWIN E. NELSON{ anp CHARLES W. GREENE. 


(From the Department of Physiology and Pharmacology, Laboratory of 
Physiology, University of Missouri, Columbia, and the Biological 
Statton of the United States Bureau of Fisheries, Fairport.) 


(Received for publication, September 10, 1921.) 


INTRODUCTION. 


The data herein reported were obtained in the summer of 
1917 as a part of the results of a study of fresh water fishery 
products undertaken with a view to extending the food sources 
available as meat substitutes. Gar eggs are of similar size and 
color to sturgeon eggs and have been unsuccessfully used as 
adultering substitutes for sturgeon eggs for caviar. The gar 
eggs do not retain their color in caviar processing and are not 
pleasing, in fact are positively objectionable, in flavor. 

Chemical analyses have not previously been reported for gar 
roe. In fact there is a dearth of analyses of either roe or of ovaries 
of American fishes. Greene (1921) has analyzed the ovaries 
of the king salmon, and there is a single analysis of shad roe in 
Atwater’s paper (1888.) Greene has followed the development 
of the salmon ovaries which occurs during the spawning migra- 
tion. There is a great increase in egg mass with corresponding 
accumulation of protein and lipoids in the egg yolk, of which he 
presents evidence to show is derived from a corresponding storage 


in the muscles. 


* Published by permission of the United States Commissioner of Fish 
and Fisheries. 

+ The data of this paper were used in part in the dissertation presented 
by Mr. Erwin E. Nelson for the degree of Doctor of eatin iti University 


of Missouri, 1920. 
University Fellow in the Graduate School, University of Missouri, 


1916-18. 
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In Europe a number of workers, chiefly German, have studied 
the composition of roe and caviar. The earlier literature is 
given in Atwater’s monograph on the food fishes of America 
(1888). More recent papers are those of Buttenberg (1900-02), 
Rimini (1904), Farnstein (1903-04), Albu and Neuberg (1906), 
and Weitzel (1916). Tangl and Farkas (1904) followed the changes 
in composition of the fish egg with development of the embryo. 
Solberg (1906) analyzed codfish roe. K6nig and Grossfeld (1913) 
made a very complete study of the use of fish roe as food, taking 
up in considerable detail the proteins, fats, and extractives. 


Material and Methods. 


Our samples of gar ovary were obtained from twelve specimens 
of Lepidosteus platystomus and one sample of Lepidosteus osseus. 
We did not secure samples of the larger southern species, the 
alligator gar, Lepidosteus tristechus. 

The method followed is essentially that perfected by Janney 
(1916) and used by C. H. Greene (1919) in his study of the 
extractives of the muscle of the king salmon. The samples of 
tissue for analysis were in all cases taken fresh, generally while 
still physiologically alive. Samples of the ovaries were placed 
in weighed glass-stoppered bottles, weighed at once, and trans- 
ferred to casseroles and extraction with hot alcohol was begun at 
once, or they were covered with 95 per cent alcohol and sealed 
with hard paraffin for transportation. 

Samples for the determination of water were taken at the > 
same time and weighed at once, then dried to constant weight 
at 105°C. Water determinations were generally made in duplicate. 

The analysis of the samples was carried out in the following 
manner: the sample and the alcohol covering it were transferred 
quantitatively to a porcelain casserole of about 300 cc. capacity. 
The alcohol was brought to boiling to complete the coagulation 
of the proteins. It was then poured off into a wide mouthed 
short necked flask, and placed on the water bath. Subsequent 
alcohol and water extracts were placed in this flask, which was 
kept on the water bath. If the sample were very fat, two or 
three preliminary extractions with ether were made. The sample 
was next extracted with boiling water in 50 to 100 cc. portions, 
at least eight extractions being made. The residue was then 
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washed with 95 per cent alcohol and transferred to a Gooch 
crucible. The crucible was placed in a Greene’s (1909) modified 
Soxhlet apparatus and extracted continuously with 95 per cent 
alcohol for 12 hours. This was followed with absolute alcohol 
for 12 hours, and then ether for from 18 to 24 hours. After the 
alcohol-ether extraction was complete the residue was transferred 
to a weighing vial, dried to constant weight at 105°C., and weighed. 
This fraction appears in the tables as the protein residue. 

The preliminary ether extract, the ether from the Soxhlet, and 
the ether-soluble material obtained from the alcohol-water extracts 
as described below, were evaporated and dried at 50°C. and 
75 mm. of mercury in a vacuum oven. The oily material was 
dissolved in dry ether, filtered into weighing vials, and dried 
to constant weight in the vacuum oven. This is the lipoid frac- 
tion of the tables. At this point there was generally a small 
amount of material which was insoluble in the ether. This was 
dissolved in water and added to the alcohol-water extracts as 
described below. 

The alcohol and water extracts were combined and evaporated 
to dryness on the water bath. The dry residue was then extracted 
with ether, and the ether-soluble material added to that from the 
preliminary ether extraction and the Soxhlet extraction as men- 
tioned in the preceding paragraph. The residue insoluble in 
ether was taken up with water and made up to 250 cc. This 
solution contains the extractives. 100 cc. were evaporated to 
dryness in a platinum shell, weighed, ashed, and weighed again. 
The water-soluble solids, and the ash of the water-soluble solids 
were obtained from these figures. 

Total nitrogen of the extractives was ovina’ in an aliquot 
by Gulick’s modification of the Folin-Farmer colorimetric method 
(1914). 

Creatine was determined in 10 cc. aliquots by dehydrolysis 
and calculated as creatinine (Folin, 1914). The 10 cc. samples 
were evaporated to dryness on the water bath with 10 cc. of 
n HCl and a bit of metallic lead, and the residue taken up quan- 
titatively with hot water and washed into a 25 cc. volumetric 
flask. 10 cc. of saturated picric acid and 1 cc. of 10 per cent 
‘ NaOH were added, the mixture was cooled at the tap, and allowed 
to stand. The necessary amount of standard creatinine solution 
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was placed in a similar flask and treated with NaOH and picric 
acid in the same manner. At the end of 10 minutes both flasks 
were filled to the mark with distilled water and the readings 
taken in a Duboscq colorimeter. All determinations were made 
by daylight. The standard creatinine was isolated from urine 
by Benedict’s method (1914) and checked against a sample of 
pure creatinine from Dr. Myers’ laboratory. The values as 
recorded in the tables of this paper are in terms of creatine ob- 
tained by multiplying the creatinine determination by the factor 


1.16. 
The amino nitrogen of the extractives was obtained by the 


method of Van Slyke (1912) using the micro-apparatus.! 


Protocols with Descriptive Data for Chemical Samples. 


Sample C11.—Fish 18. Lepidosteus platystomus ovary. Length of fish 
52 cm., weight 385 gm. Weight of ovaries 15.9 gm., diameter of ova 1.2 mm. 
Weight of chemical sample 11.908 gm. Fairport, Iowa, July 25, 1917. 

Sample C20.—Fish 19. Lepidosteus platystomus ovary. Length of fish 
52 cm., weight 485 gm. Weight of ovaries 30.5 gm., diameter of ova varied 
to a marked degree. ‘‘Many small white immature ova.’’ Largest ova 
2.2 mm., smallest 0.8mm. Weight of chemical sample 18.464 gm. Fair-. 
port, Iowa, July 25, 1917. 

Sample C22.—Fish 32. Lepidosteus platystomus ovary. Length of fish 
56.3 cm., weight 535 gm. Weight of ovaries 48.3 gm., diameter of ova 1.7 
mm. Weight of chemical sample 17.858 gm. New Boston, Illinois, August. 
25, 1917. 

Sample C26.—Fish 29. Lepidosteus platystomus ovary. Ovary weight. 
27 gm., diameter of oval.bmm. ‘Ovary filled with red fat.’’ Weight of 
chemical sample 20.958 gm. Fairport, Iowa, August 16, 1917. 

Sample C29.—Fish 35. Lepidosteus platystomus ovary. Length of fish 
57.5 em., weight 504 gm. Weight of ovaries 48.5 gm., diameter of ova 1.9 
mm. Weight of chemical sample 20.808 gm. New Boston, Illinois, August. 
25, 1917. 

Sample C36.—Fish 33. Lepidosteus platystomus ovary. Length of fish 
58 em., weight 611 gm. Weight of ovaries 52.8 gm., diameter:of ova 1.8 
mm. Weight of chemical sample 20.373 gm. New Boston, Illinois, August. 
25, 1917. 

Sample C38.—Fish 34. Lepidosteus platystomus ovary. Length of fish 
55.4 em., weight 619 gm. Weight of ovaries 72.5 gm., diameter of ova 
2.0 mm. Weight of chemical sample 20.059 gm. New Boston, Illinois, 


August 25, 1917. 


1 All total nitrogen and amino nitrogen determinations were made for 
us by Mr. Louis Gambee. 


. 
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Sample 41b.—Lepidosteus platystomus ovary. Mixed sample. “In salt, 
1 to 6. Roe immature, full of fat.’? Weight of chemical sample 20.071 
gm. Receivéd by express from New Boston, Illinois, September 26, 1917. 

Sample 42a.—Lepidosteus osseus ovary. Weight of sample 22.958 gm. 
Weight of ovary estimated 500 gm. Received from New Boston, Illinois, 
by express November 12, 1917. 


TABLE I. 
Summary of Results of Analyses of Gar Ovaries.* 
Extractives. | Water, by 
Pro- 
No. | Lipoid. : 
em" | sotids.| Ash. | Tetal | Amino | Creatine, | Differ- |Determi- 
C11 } 11.3 | 15.7 | 2.08 | 0.56 | 0.217 | 0.056 | 0.0101 | 70.9} 72.9 
C20 | 14.0 | 23.8 | 2.75 | 0.49 | 0.218 | 0.049 | 0.0111 | 59.4] 57.1 
C22 | 12.4 | 26.3 | 1.13 | 0.31 | 0.291 | 0.028 t 60.1} 61.0 
C26 | 20.6f| 23.3°| 1.27 | 0.28 | 0.130 | 0.0388 | 0.0069 | 61.5 | 56.2 
C29 | 17.4 | 25.6 | 1.09 | 0.27 | 0.077 | 0.023 | 0.0085 | 55.8 | 57.0 
C36 | 14.4 | 27.9 | 1.21 | 0.54 | 0.074 | 0.017 | 0.0051 | 56.4); 57.1 
C38 | 17.9 | 24.8 | 1.21 | 0.25 | 0.076 | 0.044 | 0.0080} 56.0! 56.4 
41a | 14.0 | 26.4 |18.45 14.66 | 0.243 | 0.031 | 0.0082 | 41.1 t 
41b | 12.8 | 26.7 |17.16 {10.82 | 0.229 | 0.036 | 0.0097 | 43.3 t 
42a | 26.9 | 28.4 | 0.79 | 0.25 | 0.053 | 0.020 | Trace. 43.9 t 
C63 | 17.3 | 26.3 | 1.15 | 0.51 | 0.091 | 0.015 t 55.2 t 
C66 | 17.6 | 25.3 | 1.02 | 0.38 | 0.072 | Trace t 56.0 t 
C78 | 18.3 | 26.2 | 1.54 | 0.56 | 0.138 | 0.006 t 54.0 t 


* No. 42a is from Lepidosteus osseus, the remainder are Lepidosteus 
platystomus. All calculations are in terms of parts per 100 gm. of moist 
sample. . 

Tt Part lost. 

t Not determined. 


Sample C63.—Lepidosteus platystomus ovary. Length of fish 61 cm., 
weight of ovary 66.7 gm. Weight of chemical sample 24.095 gm. Hanni- 
bal, Missouri, July 30, 1920. 

Sample C66.—Lepidosteus platystomus ovary. Length of fish 58.5 cm., 
weight of ovary 91.65 gm. Weight of chemical sample 27.46 gm. Hanni- 
bal, Missouri, July 30, 1920. 

Sample C78.—Lepidosteus platystomus ovary. Length of fish 55.8 cm., 
weight of ovary 94.75 gm. Weight of chemical sample 28.28 gm. MHanni- 
bal, Missouri, July 30, 1920. 
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DISCUSSION. 
Lipoids. 


The lipoid fraction in terms of the moist sample of ovary is 
comparatively large, from 15 to 20 per cent. In the single sample 
of Lepidosteus osseus, 42a, it reaches 26 per cent, which is higher 
than any value for fish ovary found in the literature. In the gar 
ovary, especially in the young stages, there is a deposit of fat in 
the supporting tissues which in some samples is quite considerable. 


TABLE II. 
Analyses Arranged in Series According to the Weights of the Ovaries. 
No. |. | Diameter | Leneth | ripoia. | Protein. | | ‘Water. 
gm. mm, cm, 

Cll 15.9 1.2 38.5 11.3 15.7 2.07 72.9 
C26 27.0 1.5 . 20.67 | 23.3 1.26 56.2 
C20 30.5 | 2.2 to 0.8 43.5 14.0 23.8 2.70 57.0 
C22 48.0 1.7 53.5 12.4 26.3 1.13 61.0 
C29 48.5 1.9 60.4 17.4 25.6 1.09 57.0 
C36 52.0 1.8 61.1 14.4 27.8 1.20 57.1 
C63 66.7 . 61.0 17.3 26.3 1.15 53.1 
C38 72.0 2.0 61.9 17.9 24.8 1.21 56.4 
C66_ 91.6 ° 58.5 17.6 25.3 1.03 56.0 
C78 94.7 . 55.8 18.3 26.2 1.54 53.9 

42a t t t 26.9 28.4 0.79 43.9 


* Not recorded. 

+ The notes record that there was a large amount of extra-ovular fat 
in this ovary 

t Not recorded, but this was undoubtedly the oldest fish of the series. 
The ovary weighed several hundred grams. 


The analysis of the entire ovary does not distinguish between this 
fat, which might be called extra-ovular, and the lipoids of the 
developing ovules with their increasing mass of cell yolk. The 
total egg yolk lipoids seem to increase as the eggs develop. 

If one arranges the analyses in a series according to the weight 
of the ovaries, it is noted that in a general way the percentage 


of ether-soluble materials increases with the increase in weight, 


Table II. The parallelism between increase in weight, diameter 
of the ova, and length of the fish shown in this table is evidence 
that the increase in lipoids is in part at least due to growth of 
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the ovary, and not to the accumulation of extra-ovular fat. The 
weight of the ovary is a fair criterion of the age of the ovary. 
Because of the inability to differentiate between the source of 
the various lipoid fractions, it would seem that a more accurate 
picture of the metabolic changes might be gained by calculating 
the data on a fat-free basis. This has been done in Table III. 


Proteins. 


There is a rather close approximation in the values for the 
proteins, if Sample Cll and the single sample of Lepidosteus 
osseus, 42a, be disregarded. C11 is a very much younger fish, 
if one may judge by the weight of the ovaries and the diameter 
of the ova. Greene (1918) showed for the salmon that the pro- 
tein content of the ovary was remarkably constant throughout 
the period of late development. Sample Cll is an interesting 
case of an ovary which has not yet reached the average protein 
content for the species. Its water content is the highest of all 
‘the specimens examined. Sample 42a is obviously a much more 
mature specimen. It has the highest protein, 28.4 per cent, 
and the lowest water, 43.9 per cent, content of all the ovaries 
studied. ‘This might be explained on the grounds of the difference 
in species. But Hatai (1917) has shown that in the white rat 
there is an increase in protein and a decrease in water content of 
the whole body throughout the whole growth period. These 
facts, especially when takenin conjunction with the variations 
in the extractive fractions, argue for a more active stage of me- 
tabolism in the early growth period of the gar ovaries. 

The average values for protein are in close agreement with 
those found by Greene (1918) for the salmon. They also agree 
closely with unpublished data for the ovaries of the carp. 


Organic Extractives. 


The organic extractives present in the tissue waters of all ani- 
mal organs are an indirect measure of the metabolic processes 
in the individual tissue. Hatai (1917) has shown that the tis- 
sues of the growing white rat contain a greater proportion of 
extractives than those of the adult. During the migration of the 
king salmon Greene (1918) showed that the organic extractives 
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of the muscle at first increase slightly, then remain comparatively 
constant in proportion to the tissue waters until late in the spawn- 
ing. At the spawning when the animals are approaching death 
by inanition the tissue waters are less saturated. In the devel- 
oping ovaries the organic extractives are of a much lower con- 
centration than in the muscles. The percentage does not vary 
much during the entire migration. C. H. Greene (1919) found 
with respect to the muscular tissue that while the absolute amount 
of protein decreases, the organic extractives, especially the amino 
nitrogen, remain constant or increase in spite of the fact that the 
protein from which they are derived is constantly decreasing. 
The lower concentration in the ovaries would seem to be a func- 
tion of the anabolic processes whereby the ovarian extractives 
are being synthesized into proteins. At any rate the gar muscle 
extractives average about 2.5 per cent while the extractives of 
the ovaries average about 1 per cent. 

If the ratio of organic extractives to protein be figured for the 
series given in Table II, it will be seen that the extractives exist 
in the largest ratio in the youngest ovary, Cll (Table III). In 
C20, which contained a large number of small immature ova, the 
ratio is also 1:10. In 42a, which was certainly the oldest 
specimen, the ratio is the smallest, 1:52. The other ratios vary 
in no regular order from 1:24to0 1:42. In the case of the amino 
nitrogen, the amounts are again certainly greatest in the young- 
est specimens, decreasing with maturity. 

In general there is a good deal of variation in the figures for the 
fractions of the organic extractives; viz., total nitrogen, amino 
nitrogen, and creatine. In view of the relation between amino 
nitrogen recently pointed out by C. H. Greene (1919) it is of 
interest to note that the sample having the highest water content, 
C11, has also the highest value for amino nitrogen, and that the 
one with the lowest water, 42a, gave with one exception the lowest 
value for amino nitrogen. The low value for C36 is not explained. 

K6nig and Grossfeld (1913) have studied the composition 
of the extractives of fish eggs, and have isolated xanthine, hypo- 
xanthine, creatinine, taurine, and tyrosine. In view of the ease 
with which creatine is changed to creatinine in the manipulations 
of the analysis, Grindley and Woods (1906), it would seem doubt- 
ful whether there is really any preformed creatinine in fish eggs. 
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Creatine was found in gar eggs in amounts varying from traces 
up to slightly less than 10 mg. per 100 gm. of moist sample. No 
especial significance is attached to this observation. 


The Inorganic Ash and Water. 


Our data show variations of the ash from 0.25 to 0.59 per cent, 

a rather extreme variation, for which there is no obvious explanation. 

Water determinations were made directly on separate samples 

of the first seven fish but only indirectly on the others. The 
TABLE III. 


The Protein, Water, and Extractive Fractions Figured on a Fat-Free Basis, 
and Arranged in Series According to the Weights of the Ovaries. 


No. of | Protein. Total N.| Amino N. | Water. 
tives.* j|extractives. 

Cll 15.9 17.7 1.70 10:1 0.244 0.063 79.9 
C26 27.0 29.47 1.24 24:1 0.164 0.048 69.1 
C20 30.5 27.7 2.63 10:1 0.254 0.057 69.1 
C22 48.0 30.0 0.94 32:1 0.332 0.031 68.7 
C29 48.5 31.0 1.00 31:1 0.092 0.027 67.6 
C36 52.0 32.6 0.78 42:1 0.086 0.020 66.0 
C63 66.7 31.8 0.66 48:1 0.111 0.018 64.6 
C38 72.0 30.2 1.18 27:1 0.093 0.054 68.4 
C66 91.6 30.8 0.79 35:1 0.088 | Traces 70.8 
C78 94.7 32.0 1.19 27:1 0.168 0.007 66.0 

42a T 38.9 0.74 52:1 0.073 0.028 60.0 


* The organic extractives were obtained by subtracting the ash from 


the water-soluble solids. 
t Not recorded, but the weight was several hundred grams. 


water determination by differences throws the cumulative error 
on this fraction. Nevertheless, the agreement is quite close as 
between the indirect and the direct determinations on the first 


seven specimens. 
General Comparison. 


We hoped to be able tocompare the composition of the gar ovaries 
at different stages of development. However, these fish apparently 
. Spawn over a long season and there is no way of determining the 
degree of development except by the general appearance and the 
variation in size of the ovules. In our youngest specimen, Cll, 
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the diameter is 1.2 mm. In C20, there was the greatest varia- 
tion. A few ova were as small as 0.8 mm., while others were as 
much as 2.2 mm. in diameter. 2 mm. is the average diameter 
of the adult egg. In one very large fish, No. 42a, the total weight 
of the ovaries was estimated at 500 or 600 gm. These were the 
most mature in appearance of any collected. This ovary had a 
lower water content, the highest protein content, and a much 
higher amount of total fats. Broadly speaking, the protein 
except in the very young remains comparatively constant. The 
organic extractives are also constant. The total lipoids tend to 
increase and the total water to decrease with development of 
the gar ovaries. 
We were not successful in securing ripe ova for analysis. 
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INTRODUCTION. 


The work herein reported was begun in connection with a 
study of the possible utilization of certain wastes from the com- 
mercial fisheries. The gar, Lepidosteus, is not ordinarily used 
as food, though it is quite plentiful in the Mississippi River and 
its tributaries. It is said to be used to some extent by the negroes 
in the South, and is seen occasionally in the fish markets of Balti- 
more, being purchased by the poorer class of Italians. Quanti- 
tative chemical analyses were made to determine the actual 


food value. | 
Historical. 


There are no analyses of the muscle of the gar reported in the 
literature. The most important paper on the subject of fish muscle 
is Atwater’s monograph on American food fish. This paper 
gives analyses of 123 specimens, belonging to 53 species. The 
literature up to 1888 is cited. Since that time a number of papers 
of various sorts have appeared, in which analyses of the flesh 
of fish are reported. Williams (1897) studied the composition 
of cooked fish. Paton (1898) in a series of valuable studies on 
the life history of the Scottish salmon, followed the changes in 
fat content through the period of development of the ovaries. 
He also studied the composition of the protein fraction of the 


* Published by permission of the United States Commissioner of Fish 
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muscles. Balland (1898) determined the composition of a num- 
ber of fish with reference to their water content, fat, nitrogen, 
extractives, and ash. Lehmann (1900) determined that one 
can in some measure control the fat content of the flesh of fish 
by the diet. Lichtenfelt (1904) noted that the composition of 
the flesh of a given species varies considerably from time to time, 
and has attempted to follow the course of the variations. He 
explains them as due to the condition of hunger of the animal. 
Konig and Splittgerber (1909) determined the composition and 
food value of a number of European fishes. Suzuki and Joshi- 
mura (1909) studied the composition of the organic extractives 
of several European fish. Hollande (1913) gave data on the 
food value of certain exotic fish imported into France. Greene 
published a series of studies on the changes in the composition 
of the muscles of the salmon during the fast of the spawning 
migration (1913, 1915, 1916-17, 1919), in which quantitative 
analyses are given for the normal salmon as a basis for compari- 
son of the changes occurring during the migration. Polimanti 
(1915) believed that the fish living near the surface of the sea 
are richer in fats than those having a deeper habitat. Clark and 
Almy (1918) have studied twenty of the American food fishes 
with especial reference to their seasonal variations. C. H. Greene 
(1918, 1919) has presented analyses of a second group of samples 
of the series of C. W. Greene on the salmon muscle. He con- 
firmed the quantitative analyses and made a special study of 
the nitrogenous extractives of the muscle and their variation 
during the fast of the spawning migration. 


Material and Methods. 


. There are two species of gar found commonly in the rivers of 
the United States, especially the Mississippi and its tributaries. 
These are the common or ‘“‘billy” gar, Lepidosteus platystomus 
Linneus, and the long-nosed gar, Lepidosteus osseus Rafinesque. 
In the South a third species, the alligator gar, Lepidosteus tristechus 
(Block and Schneider) occurs, but no specimens of the species are 
included in these analyses. 

The method followed is essentially that developed by C. H. 
Greene (1919) in his study of the extractives of the muscle of 
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the king salmon, and has been given in detail in the preceding 


paper. 
The results of the chemical analyses are presented in Table I. 


TABLE I. 


Analyses of the Muscle Tissue of Gar.* 


: Water, by 
2 asidi 8 
C27 | Lepidosteus 
platystomus. | 7.75 |13.52) 2.5910.87| 0.43/0.094) 0.26) 75.3) 77.4 
C31 | Lepidosteus 
platystomus. | 2.23 |14.34) 2.81/0.89| 0.40/0.077| 0.30) 79.7} 79.5 
C37 | Lepidosteus 


platystomus. | 4.40 |14.02) 2.760.43) 0.30}0.064) 0.27) 78.3) 77.4 


C35 | Lepidosteus 


osseus. 6.397|15.17| 2.66)0.85| 0.340.071) 0.28) 74.9) 71.7 
C41 | Lepidosteus 

osseus. 7.75 14.64) 3.17/0.92) 0.5110.091| 0.26) 73.5) 71.7 
42b| Lepidosteus 

osseus. 13.19 |14.45) 4.61 1.33} 0.31/0.066| 0.21 66.4 t 


* The calculations are in terms of parts per 100 gm. of moist sample. 
Tt Part lost. 
t Not determined. 


DISCUSSION. 
Lipoids. 


The total lipoids (ether-soluble fats) of gar muscle vary from 
2.2 to 13.19 per cent, Sample 42b being much the richest in lip- 
oids. This sample came from a large specimen of Lepidosteus 
osseus from the Mississippi River at New Boston, Illinois, taken 
in November. All other samples are July and August fish which 
show relatively lower lipoid content. Clark and Almy (1918) 
have pointed out that the fat content of a number of the food 
fishes is highest in the autumn. 
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Protein. 


The protein content of the muscles of the gar is uniformly about 
14 per cent, the average of the determinations being 14.35 per 
cent. This figure is very much lower than that for the ovary of 
this species, the average protein content of which is 25 per cent. 
When one recalls the activity of the muscle, and the relatively 
passive condition of the ovary, this is a somewhat surprising 
observation. The figure is quite comparable to that for the 
muscles of the spawning salmon, 14 per cent, but is considerably 
less than that for the muscles of the normal salmon entering fresh 
water, 20 per cent figured on a fat-free basis. Ifa protein storage 
occurs in the gar, it is evidently on a much lower level than in 


the salmon. 


Organic Extractives. 


The organic extractives are a measure of tissue metabolism. 
This is indicated by the work of Hatai (1917), showing that the 
tissues of the growing white rat contain a greater proportion of 
extractives than those of the adult. Greene (1918) showed that 
during the period of migration of the king salmon, during which 
there is vigorous muscular activity, the organic extractives remain 
comparatively constant or actually increase, notwithstanding 
the decrease in the mass of muscle or in its diminishing percentage 
of protein. 

The water-soluble solids and the organic extractives, Table 
I, are quite uniform if Sample 42b, which is again an extreme, 
be left out of account. The average for the total solids, 3.10 
per cent, is quite comparable to that given by Greene (1919) for 
salmon muscle (average of fifteen samples 4.05 per cent). 

The total non-protein nitrogen of the extractives varies from 
0.30 to 0.51 per cent. Suzuki and Joshimura (1909) found for 
the tunny 1.09 per cent, a much larger value, and Buglia and 
Costantino (1912) report values of 0.47 and 0.57 per cent for 
certain teleosts of the Mediterranean. 

The amino nitrogen is fairly constant, varying from 0.164 
to 0.194 per cent. C. H. Greene (1919) has shown for salmon 
muscle that the fluids are an important factor in determining the 
amounts of amino nitrogen held in the tissues. For the salmon, 
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when the fluids present have a content of 100 mg. of amino nitro- 
gen per 100 gm. of water, they act as though saturated, since 
the amino nitrogen shows no further change during the migration. 
When the figures in the present series are calculated per 100 
gm. of water the following results are obtained: 


Sample. —_— N 


The average figure of 102 mg. is in interesting agreement with 
Greene’s figures, though the variation is considerable. 

Creatine varies from 0.21 to 0.30 per cent, or again leaving 
out of account Sample 42b, from 0.26 to 0.30 per cent. Myers 
and Fine (1913) have pointed out that the value for any species 
is constant and specific, as far as the adults are concerned. 
They observed that with kittens the value increased with age. 
If 42b was a sample from an older fish than the rest, as has been 
assumed through the paper, the determination of creatine should 
show a higher value than the rest, not a lower one. No explana- 
tion js offered for this discrepancy. Suzuki and Joshimura (1909) 
found the folowing values for creatine: 


Fish. Creatine. 

per cent 


Okuda (1912) reports values from 0.42 to 0.75 per cent in various 
teleosts. C.H. Greene (1919) considers Okuda’s values too high. 

In the original series of analyses creatinine was determined, but 
in view of the fact that Grindley and Woods (1906) deny the 
presence of creatinine in perfectly fresh muscle (confirmed by 
Mellanby, 1908), and show that merely evaporation of the watery 
extract of muscle on the water bath is sufficient to convert a 
large amount of the creatine into creatinine, the determinations 
have not been included in the tables. Suzuki and Joshimura 
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(1909) in experiments on the isolation of various substances from 
the extractives of fish muscle, did not isolate creatinine. Kruken- 
berg (1881) who reports creatinine in fish muscle, was probably 
in error on this point. 


Food Value of Gar Muscle. 


The preceding analyses show that the gar flesh compares favor- 
ably with that of those species which contain the moderate 
amounts of stored lipoids. 

The gar flesh contains from 2.23 to 13.19 per cent of total lipoids, 
an average of about 7 per cent. The caloric value of the total 
fats averages a slightly higher value than that of the total proteins. 

The proteins average 14.37 per cent for the six samples and 
there is but little individual variation in the series. The gar 
flesh is on the whole a very palatable food of good caloric value. 
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From a purely economic standpoint the green forage plant is 
the raw material from which all production is primarily derived. 
From a scientific standpoint it is of the greatest interest because 
in its leaves both carbohydrates and proteins are synthesized. 
Thus, the chemistry of the living plant presents problems of both 
practical and scientific importance. It is true that we know a 
multitude of products derived from plants and we know much of 
the chemistry of these, but this knowledge consists mostly of 
isolated facts which contribute comparatively little to a knowledge 
of the chemical make-up of the plant as a whole. Less is known of 
the chemistry of the proteins of the living plant than of any of 
its groups of constituents. . 

Rouelle! in 1773 announced that the glutinous matter, 7.e. 
protein, which up to that time was known to exist only in the 
seeds of wheat, was present also in other parts of various plants. 
Later, he separated this glutinous substance from the juice of 
hemlock by heating to a moderate temperature and filtering out 
the coagulum, the protein nature of which was proved by the 
products of destructive distillation. 

In 1789 Fourcroy? gave an extensive account of the occurrence 
of coagulable protein in the juices of various parts of many 
plants, and described the method by which he obtained prep- 


*The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, Washington, D. C. 

1Rouelle, J. méd. chir., pharm., 1773, xxxix, 250. 

*Fourcroy, A. F., Ann. chim., 1789, iii, 252. 
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arations of what he supposed to be pure plant albumin. This 
observation of Fourcroy was the first to demonstrate the pres- 
ence of two kinds of protein in plants. 

A number of different investigators between 1799 and 1805 
found albumin in the juices of many plants and in the sap of 
trees, but they did not add much to the information obtained by 
Fourcroy. 

After 1805 no more attention was paid to the proteins of green 
plants presumably because, after Einhof* undertook his investi- 
gations of the seeds of cereals, the relative ease with which pro- 
teins could be obtained from seeds emphasized the difficulties of 
their extraction from green plants. It is a very remarkable fact, 
and not at all to the credit of science during all these years, that, 
apart from microchemical observations no attempt had been 
made to study the protein constituents of living plants until we 
undertook our investigation of the spinach plant.‘ 

Various green forage plants contribute large amounts of pro- 
tein to the ration of farm animals but practically nothing is 
known of the chemistry of these, even the proportion of protein 
in these plants not being yet established. It is true that the 
agricultural chemist states the percentages of protein in his 
analyses of green fodders, but these are made by indirect methods 
founded on assumptions unsupported by satisfactory evidence. 
A serious gap therefore exists in our current knowledge of the 
chemistry of nutrition which makes it impossible to apply to the 
practical problems of feeding on the farm what has been learned * 
of the nutritive value of the proteins of the cereals as well as of 
the protein concentrates. 

Special conditions are presented in dealing with the eames 
of a living plant which deserve consideration. 

First: the microscope shows that most of the protein is con- 
tained in cells, whose walls must be-ruptured before the indiffusible 
proteins can be extracted. 

Second: the living plant contains enzymes which rapidly 
convert one constituent into another and might be expected to 
profoundly alter the proteins before these could be extracted 
from the tissues and separated from solution. 


3Einhof, H., Neues allgem. J. Chem., 1805, v, 131; 1806, vi, 62. 
‘Osborne, T. B., and Wakeman, A. J., J. Biol. Chem., 1920, xlii, 1. 
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Third: the living plant contains a large number of constitu- 
ents of many different types of known and unknown nature 
and these must be separated from the protein in order to obtain 
preparations of even roughly approximate purity. 

The investigation reported in this paper embodies attempts 
to apply the methods developed in studying the proteins of the 
spinach leaf to alfalfa. Further experience with these methods 
has led to improvements, whereby it now appears to be possible 
to learn not only much that is new respecting the proteins of 
alfalfa but also respecting other constituents about which little 
is known. 

By using suitable mills and presses relatively large quantities 
of the clear undiluted juice of the alfalfa plant were obtained, 
and also the water-soluble constituents were almost completely 
extracted within so short a time that autolytic changes were re- 
duced to a minimum. 

Chlorophyll, fats, phosphatides, ete., were removed by ex- 
tracting with cold alcohol and ether, and so obtained uncon- 
taminated with water-soluble substances which also might be 
soluble in these solvents. 

The residue was then extracted at room temperature with 
dilute aqueous NaOH solution, but it was found that, although 
this solvent readily dissolves nearly all known types of protein, 
only a small part of the nitrogenous substances was thereby 
removed. Nearly all of the residual nitrogen was, however, 
extracted by boiling for a few minutes with 60 per cent alcohol 
containing 0.3 per cent NaOH. 

Preliminary experience in developing these methods was 
gained during the course of the summer, so that it was late in 
the autumn before we were in a position to apply them satis- 
factorily on a relatively large scale. In order to continue this 
work during the winter alfalfa plants, cut about 3 months after 
sowing, were loosely packed in bags and placed in a cold room at 
— 18°C. within 2 hours after cutting. The plants, thus quickly 
frozen, were kept at this low temperature until immediately 
before use. When removed from the cold storage room they 
appeared as fresh as when first cut. As their behavior during 
extraction was like that of freshly gathered plants, we believe 
that they had suffered no change sufficiently great to materially 
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affect the results of the experiments described in this paper. 
Since the results of the experiments with these frozen plants were 
more complete than those obtained with freshly gathered plants 
we describe them first in order that the reader may more easily 
understand our work. 

The still frozen plants were put six times through the meat 
chopper and then the pasty mass was passed several times through 
a ‘‘Nixtamal”’ mill. The pulp, which weighed 22 kilos, was 
pressed in the hydraulic press, the press-cakes reground with 
1,500 cc. of water and again pressed. This process was re- 
peated. The washed cakes were then ground and kept under 
alcohol until the next day. , 

When the juice, obtained by directly pressing the ground plants, 
first ran out it was somewhat turbid and green from suspended 
chlorophyll grains. Later it ran free from chlorophyll and 
other suspended particles and was collected separately. This 
latter portion, which weighed 5,415 gm., represented the un- 
diluted fluids of the plant. To this was added 18.7 per cent, 
by weight, of alcohol which produced a voluminous precipi- 
tate that was at once collected on large folded filters and allowed 
to drain out over night. The process thus far described was 
brought to this point within 6 hours. 

The part of the press-juice which was green and turbid weighed 
7,144 gm. This was filtered during the night through felts of 
paper pulp, whereby it was freed from chlorophyll and other sus- 
pended matters. The next morning there was a slight flocculent 
precipitate in the previously clear brown filtrate; this was re- 
moved by centrifuging. The treatment to which these two parts 
of the alfalfa juice were subsequently subjected will be described 
later. 

The washed press-cakes, which had been brought into strong 
alcohol within 6 hours after the plants were first ground, were 
next extracted. with about 9 liters of 93 per cent alcohol at room 
temperature three successive times and pressed out each time 
with the hydraulic press. 

After practically all of the alcohol-soluble constituents were 
thus removed, the press-cakes were ground in the “Nixtamal”’ mill 
with a liberal quantity of 0.3 per cent NaOH solution and pressed 
in the hydraulic press. After thrice treating in the same way, 


i 
| 
4 
| 
> 
™ 
4 
4 


Osborne, Wakeman, and Leavenworth 67 


the press-cakes were boiled for about 5 minutes with 60 per cent 
alcohol, containing 0.3 per cent NaOH, drained on filters, and the 
residue pressed in the hydraulic press. After repeating this 
treatment the press-cakes were finally extracted with 93 per cent 
alcohol and dried in a current of warm air. : 

The green alfalfa plants were thus successively extracted with 
water, alcohol, dilute aqueous alkali, and with dilute alkaline 
alcohol. During these processes samples of extracts and residues 
were taken for analysis in order to determine the amount of 
solids, nitrogen, and inorganic matter removed at each stage. 
By allowing for the portions thus taken out we obtained the 
following data, which must be regarded as. representing only the 
approximate proportions soluble in the different solvents. 


Ash-free solids. Nitrogen. Ash (CO+free). 

gm. percent| gm. j|percent| gm. | percent 
In the alfalfa taken.............. 4 ,442 211.6 506 .4 
Soluble in water................. 1 ,898) 42.7 | 92.6 | 43.8 | 359.0) 70.9 
93 per cent alcohol............... 283) 6.4}; 4.3] 2.0 9.3) 1.8 
0.3 per cent aqueous NaOH...... 230} 5.2| 14.8] 7.0 " 
0.3 per cent alcoholic NaOH..... 761; 17.8 | 83.2 | 39.3 
Extracted residue................ 1 292} 29.1} 11.1 | 5.3 

4 ,464/101.2 |206.0 | 97.4 


* Satisfactory determinations of ash could not be made in the alkaline 
extracts, nor in the residue after these solvents were used. 


We thus find that over 60 per cent of the ash-free solids and 83 
per cent of the total nitrogen were extracted by water and hot 
alkaline alcohol. The small proportion of nitrogen soluble in 
aqueous alkali is striking, and shows the presence of relatively 
little nitrogenous substance insoluble in water and having the 
solubility in alkalies characteristic of most native proteins. 

Although the hot alkaline alcohol dissolved only 17 per 
cent of the solids of the alfalfa plant, it extracted almost 40 per 
cent of the nitrogen, most, if not all, of which belongs to protein. 

The small proportion of nitrogen left in the residue shows that 
the cells were ruptured so completely that nearly all of the nitrog- 
enous substances were extracted by the various solvents. 
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The Water-Soluble Constituents of the Green Alfalfa Plant. 


The brown press-juice, obtained as described on p. 66, may be 
considered to be free from suspended solids because the chloro- 
phyll grains are so small and so difficult to separate by filtration 
that, if these are removed, as evidenced by the absence of any 
green deposit on centrifuging at high speed, appreciable quantities 
of other suspended matters cannot be present. 

This brown press-juice contains a considerable amount of 
colloids which renders the solution opaque in thick layers. By 
transmitted light the juice is translucent and has a deep yellow 
color; by reflected light it is dark brown. The fresh juice is 
strongly acid to litmus, 19.0 cc. of 0.1 N NaOH solution being 
required to make 100 cc. approximately neutral to litmus and 
13 cc. more to give a perceptible blue tint. At this reaction a 
considerable precipitate separates (Ca3P.03?). 

The amount of solids contained in the juice undoubtedly varies 
with the state of development of the plant. One sample from 
plants gathered early in November, which had been sown August 
19th, contained 9.26 gm. of solids per 100 cc. The juice of 
plants cut from the same field a few days later, and kept frozen 
for about 4 months, contained 10.52 gm. of solids per 100 cc. 
This somewhat higher content in solids is probably due, in part 
at least, to loss of water by evaporation during storage in the 
frozen state. 

After standing for a few hours the clear brown juice slowly 
deposits a precipitate, which ultimately becomes considerable. | 
A relatively large precipitate separates at once on slightly acidify- 
ing with acetic acid. 


The ‘‘Colloid Precipitate.”’ 


As already stated, the colloids are precipitated by adding about 
18 per cent by weight of alcohol. As the precipitate thus pro- 
duced contains several substances of pronounced colloidal prop- 
erties it will be hereafter referred to as the ‘‘colloid precipitate. ’’ 
Whether these colloidal constituents are chemically combined 
with one another, or are simply mixed together in the precipitate, 
has not been learned. The chief constituent is protein, but 
together with this is a considerable amount of calcium phosphate 
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and of organic calcium salts, including one, or more, coloring 
matters which have not yet been identified. 

The colloid precipitate from about 12 liters of the clear brown 
juice of plants cut immediately before pressing was washed 
by centrifuging with water, 50 per cent alcohol, and finally with 
74 per cent alcohol. Thus obtained in a highly hydrated state 
it was a compact gray-colored mass. 

In order to remove calcium, phosphoric acid, and other sub- 
stances soluble in acid alcohol, it was suspended in 5 liters of 74 
per cent alcohol containing 0.1 per cent hydrochloric acid, centri- 
fuged, and treated four times more, each time with 3 liters of the 
acid alcohol. 

The united extracts, when made slightly alkaline to litmus 
with 1 per cent sodium hydroxide solution, yielded a large gelati- 
nous precipitate resembling calcium phosphate, which will be 
referred to later as the ‘‘neutralization precipitate.’’ This 
could not be removed by filtering, or by centrifuging, until heated 
to boiling. The clear, slightly alkaline filtrate and washings were 
then concentrated to 750 cc. in vacuo below 50° of the bath. 
Analysis of aliquots of this deep yellow-brown solution showed 
that the alkaline filtrate contained 20.66 gm. of solids, of which 
16.3 gm. were NaCl, leaving only 4.36 gm. of other substances. 
It also contained 0.453 gm. of nitrogen. When this alkaline 
filtrate was made neutral to litmus with 0.1 N HCl, a turbidity 
formed which became a small flocculent precipitate on doubling the 
quantity of added acid. A part of the original solution when 
freed from alcohol and saturated with (NH,).SO,, gave a slight ° 
precipitate which, however, gave no biuret reaction. In view 
of this fact, and also of the small amount of nitrogen in this 
solution, it is evident that little, if any, protein had been removed 
from the ‘‘colloid precipitate’ by the acid alcohol. 

The results of this extraction in terms of dry solids were as 
follows: 


gm. per cent 

Insoluble in 74 per cent alcohol containing 0.1 per cent 
‘‘Neutralization 18.4 19.4 


Filtrate from ‘‘neutralization precipitate’”’............ 


ee 4.5 4.7 
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It thus appears that about one-fourth of the “‘colloid precipi- 
tate’ was soluble in the dilute acid alcohol of which four-fifths 
was precipitated at a slightly alkaline reaction. 

The nitrogen was distributed as follows: 


gm. per cent 

Insoluble in 74 per cent alcohol containing0.1 percent| — 
‘‘Neutralization ee 0.43 4.1 
Filtrate from ‘neutralization precipitate”’............ 0.45 4.2 


According to these figures the dry matter of the original ‘“‘col- 
loid precipitate”? contained 11.2 per cent of nitrogen. 
The ash was distributed as follows: 


gm. per cent 

Insoluble in 74 per cent alcohol containing 0.1 per cent 
‘‘Neutralization 9.82 87.5 
Filtrate (estimated by difference)..................4.. 0.30 2.7 


The original ‘‘colloid precipitate” accordingly contained 88.2 
per cent of organic and 11.8 per cent of inorganic matter. : 
_ A portion of that part of the ‘“‘colloid precipitate” which re- 
' mained after extracting with the acid alcohol was washed with 
dilute and strong alcohol, dried at 107°, and analyzed with the 


following results: 
Preparation 1. 


per cent 

Ash-free 


*Estimated from phloroglucide after distillation with HCl. 


This preparation gave all of the characteristic color reactions 
of the proteins and, from the experiments later described, there. 
can be very little doubt that nearly, if not all, of its nitrogen 
belonged to protein. 
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Another portion of the moist substance, equal to 6.15 gm. 
dried at 107°, was suspended in water and twice as much 0.1 N 
NaOH as was needed to impart an alkaline reaction was added 
to the suspension. This produced a thick viscid fluid which 
when centrifuged for some time at high speed, separated into a 
elear yellow layer at the top, gradually changing to a thick trans- 
parent jelly at the bottom, there being no line of separation at 
any point. The whole was poured into several volumes of ab- 
solute alcohol and 5 cc. of 20 per cent NaCl solution were added. 
The substance flocked out at once and then could be separated 
by centrifuging. After suspending the sediment twice more in 
absolute alcohol it was converted into a granular condition. 
Washed with ether and dried at 107° it weighed 5.77 gm., equal 
to 94 per cent of the substance taken. This preparation, No. 2, 
contained 8.18 per cent of ash and 15.85 per cent of nitrogen, cal- 
culated ash-free. This treatment with alkali and alcohol had, 
therefore, raised the nitrogen content by more than 1 per cent. 

Another portion of this substance, equal to 16 gm. dried at 
107°, was extracted five successive times by boiling each time for 
1 hour with absolute alcohol, the insoluble part being separated 
by centrifuging. The first and second alcohol extracts contained 
only 0.0366 gm. of solids: After thus extracting the substance 
very thoroughly with boiling absolute alcohol, it was twice ex- 
tracted by boiling with ether for 1 hour each time. This re- 
moved only 0.1868 gm. which, on drying in a beaker exposed to 
the air, formed a varnish-like film which did not redissolve in 
ether or in alcohol. The amount removed by ether was equal to 
only 1.1 per cent of the dry substance. 

After thus freeing the ‘‘colloid precipitate” from everything 
soluble in water, acid alcohol, boiling absolute alcohol, and 
boiling ether, a portion was dried at 107°. This preparation, 
No. 3, contained 1.23 per cent of ash and, ash-free, 15.04 per 
cent of nitrogen, only a little more than before extracting with 
hot alcohol and ether. In order to further purify this substance 
by reprecipitation, 10 gm. were suspended in water and 0.1 Nn 
NaOH was added until the reaction was neutral to litmus, which 
required 100 cc. With 25 cc. more it became alkaline. After 
further adding 75 cc. of 0.1 N NaOH the mixture was warmed on 
the steam bath for a few minutes. On centrifuging a large part 
was deposited as a jelly, leaving the solution somewhat turbid. 
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The latter was decanted and the jelly mixed with 50 cc. of 0.1 n 
NaOH and heated for 1 hour on the steam bath. Under this 
treatment the jelly slowly dissolved. The clear solution was 
united with that obtained by first centrifuging, and then very 
slightly acidified by adding 0.1 N HCl until the precipitate sepa- 
rated sharply. In order to remove alcohol-soluble substances 
which might have been liberated by heating with alkali, this 
hydrated precipitate was suspended in alcohol, 35 cc. of 0.1 N 
NaOH were added, and the solution was reprecipitated by 28 cc. 
of 0.1 N HCl. The precipitate was first washed with 50 per cent, 
and then with strong alcohol, digested with absolute alcohol and 
finally with ether, and dried at 107°. This preparation, No. 4, 
contained 0.98 per cent of ash and, ash-free, 15.91 per cent of 
nitrogen. This figure is nearly 1 per cent higher than that found 
in the substance which had not been dissolved in hot alkali. 

The filtrate and washings from this precipitate, both aqueous 
and alcoholic, were united, concentrated in vacuo to small volume, 
and subjected to a fractionation, the purpose being to learn the 
nature of the non-protein substances which it contained. Owing 
to the difficulties encountered in dealing with small quantities of 
substances of unknown nature nothing definite was learned 
beyond the fact that, apart from a relatively small proportion of 
protein and PQO,, the substances contained in these filtrates were 
chiefly coloring matters soluble in strong alcohol. 

The outcome of this preliminary examination of the ‘colloid 
precipitate” shows that this is a mixture of substances of pro- 
nounced colloidal properties. In alcohol containing a little 
hydrochloric acid about 25 per cent of its dry solids are soluble, 
none of which is protein. Four-fifths of this part are precipitated 
by making the solution alkaline to litmus. This precipitate 
looks and behaves like calcium phosphate, which doubtless is 
its chief component, but together with this is a considerable 
quantity of one or more calcium salts of organic substances, as 
the following data show: 


gm per cent 
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The ash contained 3.15 gm. of Ca and 2.56 gm. of PO,, together 
equal to 5.71 gm., or to 58.1 per cent of the ash. 

The PO, is equal to 4.18 gm. of CasP203 containing 1.62 gm. of 
Ca, leaving 1.53 gm. of Ca equal to 3.82 gm. of CaCO3. The 
sum of the calcium phosphate and carbonate is 8.00 gm., or 
1.83 gm. less than the total ash. As the balance of this precipitate 
was used for other experiments these figures could not be con- 
firmed, nor a direct determination of CO, be made; hence the 
nature of the unaccounted for balance of 1.83 gm. was not dis- 
covered. 

From these data it appears that acid alcohol removes chiefly 
calcium salts of phosphoric acid and coloring substances which, 
in the free state, are very soluble in alcohol. When concen-.- 
trated alcoholic solutions of the latter are poured into water 
colloidal solutions are formed, from which pigment is pre- 
cipitated by adding a little NaCl. The sodium salt of the colored 
substance is very soluble in water with a deep orange-yellow 
color. Its tinctorial power is high. On adding acid, these 
yellow solutions become colorless at about the neutral point to 
litmus, and remain clear unless the solution contains relatively 
much of this substance. 

What relation this coloring matter has to apparently similar 
substances heretofore obtained from vegetable sources we hope to 
determine in the future, but the properties above noted indicate 
flavone or flavone-like pigments. 

Having thus found that the ‘‘colloid precipitate” contains a 
considerable amount of calcium salts of organic substances 
which in the free state are much more soluble in strong alcohol 
than in water, a relatively large quantity of another preparation — 
of the ‘‘colloid precipitate’? which had been washed thoroughly 
with 50 per cent and finally with 75 per cent alcohol was sus- 
pended in 2,000 cc. of water and centrifuged, in order to remove 
adhering alcohol. It was next suspended in 2,000 cc. of water 
containing 5 gm. of HCl and again centrifuged. The clear solu- 
tion thus obtained gave no biuret reaction, nor any precipitate 
when a sample was saturated with (NH,)2SO,., which shows that 
no protein had been dissolved by the acid. 

When again extracted with 0.25 per cent aqueous HCl and 
centrifuged an opaque colloidal suspension resulted which could 
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not be decanted from the sediment. After adding about 60 gm. 
of NaCl and 5 gm. of HCl to the 4,000 cc. of solution and heating 
to 50°, a good separation was secured on centrifuging. The 
clear acid extracts were united, made faintly alkaline to litmus, 
heated on the steam bath for about half an hour, and then 


centrifuged. 
When dried at 107° this precipitate contained: 


per cent 

0.55 


The nitrogen was equivalent to only 1.84 per cent of the ash- 
‘free substance, indicating a relatively small proportion of nitrog- 
enous substances in this ‘‘neutralization precipitate.” 

The ash contained: 


per cent 

These figures correspond to 

per cent 

92. 


This ‘‘neutralization precipitate” consisted essentially of 
calcium salts of phosphoric acid and organic substances, the pro- 
‘portion of the latter being larger than was obtained from the 
extract made with acid alcohol. 

~The residue of the ‘colloidal precipitate,” after thus extracting 
with dilute aqueous HCl, was suspended in water and shaken out 
with ether three successive times. The ether extracts were 
washed with water and evaporated in vacuo. The residue was 
taken up in absolute alcohol and likewise concentrated in vacuo. 
This process was repeated until water was removed. The residue 
was then extracted with absolute ether in which 0.5474 gm. was 
soluble. This is an almost insignificant proportion of the rela- 
tively large quantity of the ‘‘colloid precipitate”? from which it 
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was derived. Unfortunately the dry weight of the portion taken 
was not determined, but was certainly more than 40 gm. 

The residue of the ‘‘colloid precipitate’? was next extracted 
three times with absolute alcohol. Owing to the colloidal condi- 
tion of the solids it was difficult to obtain a good separation by 
centrifuging until a little NaCl was added. The 10,000 ce. of 
deep brown extract were concentrated in vacuo to 400 cc. and by 
centrifuging freed from a small amount of solids which separated 
during concentration. The clear solution was evaporated in 
vacuo and the residue extracted with absolute alcohol, in which 
most dissolved. Thus freed from sodium chloride, the clear 
alcoholic solution, when evaporated, left a very dark red-brown, 
amorphous residue weighing 3.32 gm. which was readily dissolved 
by 50 cc. of absolute alcohol. When this solution was poured into 
150 ec. of distilled water a colloidal suspension resulted which 
did not separate on standing over night. The addition of a little 
HCl did not cause any separation, but the further addition of a 
little NaCl produced a large flocculent precipitate, leaving a 
clear, but deeply colored, solution. Examination of this pig- 
ment has, as yet, revealed no difference between it and the similar 
substances extracted by acid alcohol from the ‘‘colloid precipi- 
tate.’’ It seems probable that this method of isolating the pig- 
ments may facilitate their further study. 

After extracting the ‘‘colloid precipitate’? with water, aqueous 
HCl, ether, and alcohol a portion was dried at 107° and analyzed 


with the following results. 


Preparation 6, 


per cent 

Ash-free substance. 


Another portion, equal to 13.5 gm. of the dry solids, was sus- 
pended in 950 cc. of water and 131.1 cc. of 0.1 N NaOH were 
added until the suspended solids separated sharply at the iso- 
electric point. The clear, almost colorless solution, when evapo- 
rated to dryness, left a residue weighing 0.7623 gm., consisting of 
NaCl. The NaOH added was equivalent to 0.7669 gm. of NaCl, 
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or to 0.4785 gm. of HCl, or to about 3.5 per cent of the dry solids 
of the preparation taken for this experiment. It thus appears 
that during extraction with HCl a notable amount of this acid 
had combined with the protein and that no water-soluble organic 
substance had been liberated at the isoelectric point. 

In order to determine whether, or not, substances soluble in 
alcohol, but insoluble in water, had been liberated by thus re- 
moving the combined acid the solids were next suspended in 
absolute alcohol and centrifuged. The resulting clear solution, 
however, contained only 0.0620 gm. of solids, thus showing the 
absence of a notable quantity of substance soluble in alcohol, but 
insoluble in water, liberated at the isoelectric point. 

To learn whether, or not, anything could be extracted by hot 
water the residue was next digested with water for an hour on the 
steam bath. After removing the suspended protein by centri- 
fuging, the somewhat colloidal solution was treated with 8.5 cc. 
of 0.1 n NaOH and about 0.8 cc. of 20 per cent NaCl solution 
which caused the colloidally suspended matter (protein) to 
separate as a flocculent precipitate, leaving the solution clear 
when centrifuged. This precipitate, A, was treated as de- 
scribed below. The clear solution when evaporated left a residue, 
chiefly NaCl, weighing 0.2830 gm. 

After thus extracting with hot water the residue was washed 
once by centrifuging with water. The washings contained only 
0.1056 gm. The 0.3886 gm. thus extracted contained 0.1525 gm. 
of ash (NaCl) and 0.2361 gm. of organic matter. It is clear that 
only an insignificant amount of organic substance was thus ex- 
tracted by hot water. The residue was next boiled with absolute 
alcohol and centrifuged. The alcoholic washings, on evaporation, 
left only 0.0276 gm. of solids. 

The residue of Preparation 5, which had thus been freed from 
combined HCl and everything else soluble in hot or cold water 
as well as in alcohol, was dried at 107° and analyzed with the 
following results: 


Preparation 6. 


per cent 
Ash-free substance. 
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The nitrogen content of this preparation was practically the 
same as that of Preparation 7, similarly obtained, which, ash-free, 
contained 15.34 per cent of nitrogen. 

The small precipitate, A, p. 76, which separated from the hot 
water extracts after adding a little more alkali and some NaCl, 
as above noted, was dissolved in 20 cc. of 0.1 n NaOH, 100 ce. of 
water were added, and the solution was centrifuged. A part 
separated as a jelly from which the clear solution was decanted. 
To this solution 18.6 cc. of 0.1 N HCl were added, and the precipi- 
tate produced was washed with water and alcohol and dried at 
107°. This preparation, No. 8, weighed 0.64 gm. and contained 
0.63 per cent of ash. The ash-free substance contained 15.59 
per cent of nitrogen; 7z.e., only 0.24 per cent more than did Prepara- 
tion 6 which had not been dissolved in alkali. 

These data show that the residue of the ‘‘colloid precipitate, ”’ 
which remains after extracting with water, aqueous hydrochloric 
acid, ether, and alcohol, consists chiefly of a hydrochloride of 
protein which is entirely insoluble in water. Such unusual prop- 
erties suggest combination with some non-protein group. 

When this protein hydrochloride is suspended in water at the 
room temperature none is dissolved, as shown by the absence of 
a biuret reaction in the filtered solution. At temperatures 
approaching 100°, however, it is converted into a clear yellow 
jelly which does not pass into a true solution, even after long 
heating. After cooling, the addition of an excess of hydrochloric 
acid, or of sodium chloride, converts this jelly into a coarse floccu- 
lent precipitate resembling an ordinary protein coagulum, such 
as is commonly produced by heating. This settles rapidly, 
leaving the solution clear. A little coloring matter is thus re- 
moved, as shown by the strong yellow color of the filtered solution 
when made alkaline with NaOH. 

When suspended in water and treated with NaOH to the iso- 
electric point the protein separates completely, leaving the solu- 
tion water-clear. On evaporation a residue is left which is 
practically all sodium chloride. The combined hydrochloric 
acid is likewise converted into sodium chloride by sodium acetate. 

A quantity of the moist protein hydrochloride, equal to 9 gm. 
dried at 107°, was suspended in water and freed from chloride by 
bringing to the isoelectric point with NaOH. The undissolved 
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protein was collected by centrifuging, suspended in 300 ce. of 
water saturated with toluene, and used for the following ex- 


periments. 


Experiment [. 10 cce., containing 0.3 gm. of protein + 5 cc. of water. 
Experiment II. 10cc.+ 3 cc. of water + 2 cc. of 0.1 N HCl. 
Experiment III. 10 cc. + 5 ee. of 0.1 N HCl. 


These mixtures, which contained 0.3 gm. of the protein, were 
heated simultaneously in a steam bath. Suspension III gelati- 
nized first, Suspension II very soon after, and Suspension I[ 
appeared to be unchanged. After cooling Nos. II and III be- 
came firm jellies, which did not flow on inverting the test-tube, 
and on standing gradually contracted, leaving a little clear serum 
above. After 3 days there was much less serum in No. II than 
in No. III, suggesting that the acid was slowly hydrolyzing the 
protein, or possibly a combination of the protein with some non- 
protein complex. 


Experiment IV. 10 cc. + 2 cc. of 10 per cent HCl + 3 cc. of water. 


When heated on the steam bath the protein was precipitated 
like a heat coagulum, leaving the solution water-clear. This 
solution gave a strong biuret reaction showing the protein to be 
slightly soluble, perhaps owing to hydrolysis, when heated with 
acid of this strength. 

After washing the precipitate with water it became slimy 
when the excess of acid was removed. When this was returrted 
to the tube and heated as before, it formed a clear transparent 
jelly. On continued heating the jelly was slowly converted into 
a solution, which finally became so clear that it caused no Tyndall 
effect. This solution gave a flocculent precipitate with only 2 cc. 
of 0.1 n NaOH, which was completely redissolved by 1.2 ce. 
more. The ready solubility in dilute alkali, when contrasted 
with the behavior of this protein when treated with alkali before 
heating with acid, suggests that it exists as a conjugated protein 
which is hydrolyzed by the hot acid. See Experiment VI. 


Experiment V. 10cc. +3 cc. of 20 per cent NaCl + 2 cc. of 0.1 N HCl. 


Heated on the steam bath the effect was like that of No. IV, 
showing that the ions from NaCl prevent the formation of the 


. 
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jelly as do those from HCl. After washing out the excess of 
salt and acid the protein was readily converted into a jelly when 
5 ec. of 0.1 N HCl were added, and the mixture was heated on the 
steam bath. On further heating it behaved just like Suspen- 


sion IV. 


Experiment VI. 10cc. +15 cc. of water + 10 cc. of 0.1N NaOH at room 
temperature. 


This produced a viscid solution which was diluted to 100 ce. 
and centrifuged at high speed for sometime, whereby a small 
amount of gelatinous substance was deposited. Although the 
solution appeared to be nearly clear it filtered exceedingly slowly 
through paper and was quite opaque in a beam of sunlight. 
After heating in the steam bath for about 4 hours it could be 
readily filtered through paper. 

A larger quantity of Preparation 5 was freed from combined 
HCl by adding NaOH to the isoelectric point and centrifuging. 
The deposit was centrifuged once with water and then suspended 
in 200 ce. of water and 25 cc. of 0.1 N NaOH were added. This 
produced a thick, opaque ‘‘solution,’’ which was diluted to 400 
ec. and centrifuged at high speed for some time. The nearly 
clear solution was decanted from a voluminous deposit of jelly 
and again centrifuged and decanted from a much smaller deposit. 
By suspending the jelly deposits in water and centrifuging re- 
peatedly, as before, two parts were obtained, one representing the 
gelatinous fraction, the other the more soluble part. The solu- 
tion of the latter, which could be filtered through paper fairly 
easily, was then precipitated by 17 cc. of 0.1 N HCl. This prep- 
aration, No. 9, was washed with water and with alcohol and 
dried at 107°. It contained 0.76 per cent of ash and, ash-free, 
15.25 per cent of nitrogen. The jelly fraction was suspended in 
water and a little NaCl added. On centrifuging it separated 
as a coherent deposit which was washed with water and alcohol. 
Dried at 107° this preparation, No. 10, contained 2.05 per cent of 
ash, and, ash-free, 15.40 per cent of nitrogen. Although the 
solubilities of these two parts were so markedly different as to 
indicate the presence of two different proteins their nitrogen 
content was substantially the same, and also like that of the 
product from which they originated. Other data must be 
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obtained before the difference in solubility here noted can be 
explained. | 

Another sample of ‘‘colloid precipitate’? was extracted four 
successive times with 93 per cent alcohol containing 0.1 per cent 
HCl and then treated with dilute sodium hydroxide, which pro- 
duced a very turbid gelatinous ‘‘solution.”” This was centrifuged 
at high speed and the solution decanted from a jelly-like deposit. 
The latter was again suspended in dilute alkali and centrifuged, 
this process being repeated several times. The decanted solu- 
tions were united, filtered clear through paper pulp, and made 
neutral to litmus with dilute HCl. The resulting precipitate was 
washed with water, dilute and strong alcohol, and then with ether. 
Dried at 107° this preparation, No. 11, which weighed only 1.5 
gm. and represented only a small fraction of the original sub- 
stance, contained 1.4 per cent of ash and, ash-free, 15.33 per cent 
of nitrogen. 

Having found the protein similarly obtained from spinach 
leaves to be readily soluble in hot dilute alkaline alcohol this 
solvent was applied to the alfalfa protein. 

The leaves of freshly cut alfalfa plants were removed by hand 
and kept over night in the ice chest. The next morning 3,600 
em. of these were ground with 10 liters of water and then pressed 
in the hydraulic press. The green juice was filtered through 
paper pulp, which removed the chlorophyll, and the clear brown 
juice treated with about 20 per cent by weight of aleohol. The 
voluminous precipitate was washed, first with quite dilute and 
then with stronger alcohol, until adhering mother liquor was 
removed. 

A part of this highly hydrated precipitate, equal to 19.7 gm. 
dried at 107°, was suspended in 1,000 ee. of 0.2 per cent NaOH 
solution, an equal volume of alcohol added and heated to 80° for 
2 to 3 minutes. By centrifuging at high speed a yellow, gelati- 
nous residue was removed which, when washed with alcohol 
and ether and dried at 107°, weighed 1.96 gm., and contained: 


per cent 
Nitrogen...... 2.71 (= 5.69 per cent of the ash-free substance.) 


The clear, alkaline filtrate when neutralized with HCl] gave a 
flocculent precipitate, which was washed first with 50 per cent 
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and then with stronger and finally with absolute alcohol and 
dried at 107°. This preparation, No. 12, weighed 11.91 gm. and 
contained 0.62 per cent of ash. The ash-free substance contained: 


Preparation 12. 


Protein Nitrogen. 

per cent per cent 
Ammonia 0.96 5.86 


The percentage of nitrogen in Preparation 12 is about 1 per 
cent higher than that found in Preparations 8, 9, 10, and 11 
which had been dissolved in aqueous alkali at room temperature. 
This fact indicates, that by the treatment with hot alkaline 
alcohol, some non-protein substance had been removed, possibly 
in consequence of hydrolytic action of the alkali. The following 
table gives the nitrogen found in the several fractions produced 
by the above described procedure. 


N 

Grams. recovered. 

per cent 

N in residue, insoluble in alkali...................... 0.0600 2.7 
N in alcoholic washings of 0.0541 2.4 
N in protein precipitated by HCl..................... 1.8920 84.6 


These figures show that most of the nitrogen belongs to pro- 
tein soluble in the hot alkaline alcohol and precipitable by acid. 

Another preparation of the ‘‘colloid precipitate’? was made 
in a similar -way from plants cut a few days before blossoming. 
A portion of the moist preparation, containing 31.7 gm. of dry 
solids, 3.655 gm. of N = 11.54 per cent, and 3.552 gm. of ash 
= 11.12 per cent, was heated in the steam bath for a few minutes 
with 60 per cent alcohol containing 0.2 per cent of NaOH and 
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then centrifuged for some time at high speed. The gelatinous 
deposit was treated three successive times with hot dilute alkaline 
aleoho' as before, and then washed with dilute and stronger a'co- 
hol. Dried at 107° this residue weighed 4.32. gm., equal to 14.3 
per cent of the ‘‘colloid precipitate”? from which it was derived. 
It contained 52.7 per cent of ash, equal to 68.1 per cent of the 
inorganic matter of the ‘‘colloid precipitate,’’ and 2.51 per cent 
of nitrogen, equal to 3.1 per cent of the nitrogen in the ‘‘colloid 
precipitate.’’ This nitrogen was equal to only 5.3 per cent of the 
organic matter in this preparation, indicating the presence of a 
large proportion of non-protein matter in this residue. Cf. 
similar product on p. 80. 

The united alkaline solutions decanted from the foregoing 
residue were neutralized with HCl and the precipitate produced 
was washed with water, alcohol, and ether, and dried at 107°. 
This preparation weighed 17.72 gm., equal to 56 per cent of the 
“colloid precipitate,’’ a considerably smaller proportion than 
was recovered in the precipitate in the corresponding experiment 
last described. The nitrogen content of this preparation, No. 13, 
was, however, practically the same as that of Preparation 12, 
being 16.21 per cent of the ash-free substance, as against 16.36 
per cent. 

The rest of the ‘‘colloid precipitate,’”’ from a part of which 
Preparation 13 was obtained, was worked up in the same way 
and yielded 233 gm. of Preparation 14 which contained 0.72 per 
cent of ash and 16.27 per cent of nitrogen, calculated to the ash-. 
free substance. 

50 gm. of the air-dried preparation, No. 14, equal to 44.68 gm., 
ash- and moisture-free, were boiled for 24 hours with 25 per cent 
of sulfuric acid and tyrosine, histidine, arginine, and lysine 
determined according to the slightly modified method of Kossel.® 


Preparation 14. 


Protein. 
per cent per cent 


®Cf. Osborne, T. B., Leavenworth, C. 8., and Brautlecht, C. A., Am. 
J. Physiol., 1908, xxiii, 180. 
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The nitrogen contained in the basic amino-acids thus found 
agrees closely with the basic nitrogen found in Preparation 12, 
namely 3.76 per cent. | 


The Filtrate from the “‘Colloid Precipitate.”’ 


The filtrate from the precipitate produced by adding 18 per 
cent of alcohol to the alfalfa press-juice yields another volumi- 
nous precipitate when its alcohol content is raised to about 40 


per cent by weight. This precipitate is a mixture of protein. 


and inorganic salts, but as this treatment with alcohol renders 
nearly all of the latter insoluble in water or dilute salt solutions, 
it has been impossible, as yet, to learn anything of its charac- 
teristics. 
We have, however, obtained evidence of a small proportion o 
heat coagulable protein, as well as of proteose, in the filtrate 
from the ‘‘colloid precipitate.”’ Thus, 46 kilos of fresh alfalfa 
plant, equal to about 10 kilos dried, were thoroughly extracted 
with water and the clear extract was freed from the ‘colloid precip- 
itate”’ by adding about 23 per cent by weight of alcohol. The 
filtered solution was then concentrated, heated to boiling, and 
acidified with acetic acid. The coagulum which separated was 
thoroughly washed with boiling water and then with alcohol and 


ether. Dried at 107°, this weighed 37.5 gm., and contained 


43.0 per cent of ash. The ash-free substance, however, con- 
tained only 1.9 gm. of nitrogen, equal to 12.5 gm. of protein 
(N X 6.25), or to only 0.12 per cent of the dry alfalfa solids, and 
this on the assumption that all of this nitrogen belongs to protein. 

In another case 23 per cent of alcohol was added to the press- 
juice from alfalfa leaves containing 929 gm. of dry solids. The 
filtrate from the ‘‘colloid precipitate’? thus produced was con- 
centrated till the alcohol was removed, heated to boiling, and 
slightly acidified with acetic acid. The coagulum weighed 4.0 
gm. when dried at 107°, and contained 0.4303 gm. of N and 
0.5427 gm..of ash. The nitrogen in this coagulum was equal to 
2.7 gm. of protein (N X 6.25), or to 0.29 per cent of the dry 
solids of the leaves. 

A part of the filtrate from this coagulum was saturated with 
(NH,4)2S80,4 which produced an oily precipitate having the physical 
properties characteristic of proteoses. As this precipitate could 
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not be removed by an ordinary filter it was necessary to use a 
felt of paper pulp, which yielded a clear filtrate. The precipi- 
tate was redissolved by extracting the filter thoroughly with 
water, the filtrate again saturated with (NHj,)2SO,, and the oily 
precipitate treated as before. After twice more reprecipitating 
in this way the clear solution was made up to a definite volume, 
and total, as well as ammonia nitrogen determined in aliquots. 
The difference, 0.225 gm., was assumed to belong to proteoses 

equal to 1.406 gm. (N X 6.25). Since this was derived from 38 
’ per cent of the total filtrate from the coagulum, this quantity is 
equivalent to 0.40 per cent of proteose possibly present in the 
solids of the dried leaves. 3 

These figures, which must be accepted with great reserve, 
indicate that the alfalfa solids may possibly contain about 0.3 
per cent of coagulable protein and 0.40 per cent of proteose, 
surprisingly small proportions to be found in such physiologically 
active tissues as are those of a green plant. By far the greater 
part of the protein of the juice of the alfalfa plant is, therefore, 
represented by the protein in the ‘‘colloid precipitate. ”’ 


The Alcohol-Soluble Constituents of the Green Alfalfa Plant. 


After extracting the 22 kilos of green alfalfa (see p. 66) with 
water the final press-cakes were ground in the Nixtamal mill with 
8 liters of 93 per cent alcohol, pressed in the hydraulic press, and 
the cakes twice more treated in the same way with alcohol. . 
These extracts were concentrated to relatively sma!l volumes and 
solids and nitrogen were determined in aliquot parts of each. 


Solids. Nitrogen. 

gm. gm. 


Only 6.4 per cent of the solids of the dry alfalfa and 2.0 per cent 
of its nitrogen were thus extracted by alcohol. 
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The Alkali-Soluble Constituents of the Green Alfalfa Plant. 


A part of the moist residue of the alfalfa plant, which had been 
extracted with water and then with alcohol, contained 482 gm. 
of dry solids, 20.58 gm. of nitrogen, and 22.55 gm. of ash (CO,- 
free). This was ground with 5 liters of 0.3 per cent NaOH solu- 
tion and pressed in the hydraulic press. The press-cake was 
again ground up with about 4 liters of 0.3 per cent NaOH and 
pressed as before. This process was repeated twice. The 
fourth extract contained scarcely anything precipitable by HCl. 

The 18 liters of united extracts contained 2.70 gm. of nitrogen, 
45.5 gm. of solids, and 3.5 gm. of ash (the two latter corrected 
for the added NaOH). These quantities are equivalent to 230 
gm. of ash-free solids, 14.80 gm. of nitrogen, and 19.2 gm. of ash, 
calculated on the basis of the amount of alfalfa originally ex- 
tracted. The nitrogen in this solution, therefore, was equal to 
only 7.0 per cent of the total alfalfa nitrogen, and the ash-free 
solids to 5.2 per cent of its organic matter. When acidified with 
dilute HC] this alkaline extract yielded a voluminous precipitate 
which was washed by centrifuging the dilute and stronger alcohol, 
and then extracted with absolute alcohol and ether. 

This preparation, dried at 107°, weighed 13.5 gm., equal to 
74 gm. from the entire lot of alfalfa plants originally extracted, 
or to 1.5 per cent of the dry matter thereof. It contained 0.55 
gm. of ash and 1.305 gm. of nitrogen, equal to only 59 per cent 
of protein (NX6.25) in the precipitate. The ash-free sub- 
stance, therefore, contained 9.37 per cent of nitrogen, equivalent 
to 7.15 gm., calculated back to the alfalfa taken, or to 3.4 per cent 
of the alfalfa nitrogen. When distilled with HCl this prepara- 
tion yielded phloroglucide equivalent to 7.54 per cent of pentosan 
in the ash-free substance. Since this precipitate also gave strong 
xanthoprotein and biuret reactions there is little doubt that it 
consisted chiefly of a mixture of protein and carbohydrate. 

Analysis of aliquot parts of the filtrate from the precipitate 
produced by HCl showed that it contained 32.5 gm. of solids, 
other than NaCl, 1.24 gm. of nitrogen, and 0.0953 gm. of ammonia, 
equivalent, respectively, to 178, 6.8, and 0.52 gm. calculated 
back to the amount of alfalfa originally taken. The ash-free 
solids were equal to 3.6 per cent of the dry alfalfa and the nitrogen 
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to 3.2 per cent of its total nitrogen. The ammonia in the filtrate 
from the acid precipitate was equal to 7.7 per cent of the total 
nitrogen extracted. Whether this ammonia resulted from hy- 
drolysis of amide nitrogen of the protein, or from some non- 
protein nitrogenous substance, was not determined. 

The remainder of the filtrate was saturated with (NH,).SO,, 
the precipitate produced filtered out and pressed on filter paper, 
redissolved, and again precipitated and pressed. When dissolved 
in a liter of water total nitrogen and ammonia nitrogen were 
determined in aliquots. The non-ammonia nitrogen thus found 
by difference, was equal to 0.4278 gm., or to 2.7 gm. of protein 
(N X 6.25), in the entire solution. This quantity is equivalent 
to 14.7 gm. protein (N X 6.25), or to 0.29 per cent in the alfalfa 
originally taken for extraction. 


Extraction with Alkaline Alcohol. 


After thus extracting with aqueous alkali, which might be 
expected to remove most of the residual protein, the press-cakes 
were ground up with 10 liters of 60 per cent alcohol containing 
0.3 per cent NaOH, heated to boiling on the steam bath for a 
few minutes, and filtered hot. The residue was pressed in the 
hydraulic press and again treated in the same way. 

The first extract was much more deeply colored than the 
second, and likewise yielded a much larger precipitate on the 
careful addition of dilute HCl. 

The two precipitates were washed with 50 per cent and stronger 
alcohol, as well as with absolute alcohol and ether. That from 
the first extract weighed 54.2 gm., dried at 107°, and contained 
1.37 gm. of ash and 7.63 gm. of N, equal to 14.42 per cent of the 
ash-free substance. The precipitate from the second extract 
weighed 12.0 gm., dried at 107°, and contained 1.15 gm. of ash 
and 1.17 gm. of nitrogen. The ash-free substance, therefore, 
contained only 10.74 per cent of nitrogen. 

These two precipitates, together, contained nitrogen equivalent 
to 23 per cent of the alfalfa nitrogen, or to 6.09 per cent of protein 
(N X 6.25), in the alfalfa plant. | 

The united filtrates from these precipitates contained 80.5 gm. 
of ash-free solids, equal to 8.9 per cent of the alfalfa; also 6.38 gm. 
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of nitrogen equal to 10.0 per cent of the ash-free solids, or to 
16.5 per cent of the total nitrogen in the alfalfa. 

Since heating with the alkaline alcohol might be expected to 
convert some of the amide nitrogen of the protein into ammonia, 
a part of the filtrate from the precipitate produced by adding 
HCl to the second alkaline alcohol extract was distilled with 
magnesia, and free ammonia equal to 2.2 per cent of the total 
nitrogen in this alkaline alcohol extract was found. This pro- 


portion of ammonia nitrogen was even less than that similarly , 


found in the cold aqueous alkaline extract. 

We thus find that alkaline alcohol extracted solids, equivalent 
to 16.0 per cent of the alfalfa, and nitrogen equal to 39.3 per cent 
of its total nitrogen. 

The precipitate produced by neutralizing the first alkaline 
alcohol extract probably consisted chiefly of protein, as indicated 
by the 14.42 per cent of nitrogen in the ash-free substance, and 
by strong biuret and tryptophane reactions. It is almost certain 
that this crude precipitate contains some non-protein substance, 
probably mostly carbohydrate, but we have not, as yet, had an 
opportunity to determine this. We expect to subject this prod- 
uct to a critical examination and hope soon to be able to learn 
something of its relations to the protein of the ‘‘colloid precipi- 
tate”? which it resembles in many ways. 

The corresponding precipitate from the second alkaline alcohol 
extract contained, ash-free, only 10.7 per cent of nitrogen, and 
probably represents a still more impure preparation of the same 
protein. 

The filtrate from the precipitate produced by HCl in the first 
alkaline alcohol extract was deeply colored and contained 52.8 
gm. of ash-free solids, equal to 5.8 per cent of the entire lot of 
alfalfa extracted. This relatively large amount of the alfalfa 
solids had escaped extraction by water, strong alcohol, and 
aqueous alkali at room temperature. That it became soluble in 
water after heating with alkaline alcohol suggests that it was pro- 
duced by hydrolysis during heating with the alkaline alcohol. 
Addition of neutral lead acetate to this filtrate gave a large 
precipitate containing much PbCh, together with a considerable 
quantity of organic lead salts. This precipitate was removed by 
centrifuging and decomposed with an excess of HCl. The addi- 
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tion of several volumes of absolute alcohol gave a deep yellow- 
brown solution which, after removing the PbCl, contained 23.3 
gm. of solids (ash-free), largely soluble in absolute alcohol, and 
completely soluble in strong alcohol. This quantity is equal to 
127.7 gm. from the total alfalfa originally extracted, or to 2.6 
per cent. This represents only a part of the substances of this 
type, because the corresponding filtrate from the second extrac- 
tion and the alcoholic washings of the precipitates, which were 
not treated with lead acetate, doubtless contained a further 
considerable quantity of the pigment. Since substances having 
similar properties, and resembling the pigments derived from 
flavone, were also obtained from the ‘‘colloid precipitate” it 
appears that the alfalfa plant may contain a very considerable 
proportion of this group of substances. 

The fact that after the alfalfa had been previously extracted 
very thoroughly with water, alcohol, and then with aqueous alkali, 
heating with alkaline alcohol rendered so large an amount of the 
pigments soluble in water, as well as in alcohol, is strong evidence 
that both the protein and the pigment were derived from some 
combination, or combinations, hydrolyzed by the hot alkali. 
That simultaneously a correspondingly large proportion of pro- 
tein was also rendered soluble in dilute aqueous alkali suggests 
that, in the plant, the protein and pigments may be combined. 
Such pigments may occur in green plants in much larger proportion 
than has heretofore been supposed, because apparently it has been 
overlooked that a large proportion of them may be combined with’ 
protein, as a complex insoluble in the solvents usually employed 
for extracting them. The methods employed in this investiga- 
tion seem to be well suited for obtaining these pigments in a 
condition fit for further chemical study. We expect to continue 
our investigations along this line, and later we may be able to 
present results of interest to the chemist, as well as to the plant 
physiologist. 


The Extracted Residue. 


The residue from the extractions just described was nearly 
colorless and consisted chiefly of the fibrous structure of the 
plant. Dried at 107°, it contained 29.1 per cent of the dry, ash- 
free, solids of the alfalfa, but only 5.3 per cent of its nitrogen. In 
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view of the difficulties attendant on grinding large quantities of 
whole plants fine enough to rupture all of the cells so small an 
amount of undissolved nitrogen is surprising. 


SUMMARY. . 


It is possible to grind the fresh green alfalfa plant so thoroughly 
that practically all of the contents of its cells subsequently can 
be extracted by water, alcohol, dilute aqueous alkali, and hot 
alkaline alcohol, applied in the order named. 

Water extracts over 45 per cent of the dry matter of the plant, 
nearly 43 per cent of the ash-free solids, nearly 44 per cent of its 
nitrogen, and almost 71 per cent of its inorganic constituents. 

By subjecting the ground plants to high pressure relatively 
large quantities of the undiluted juice of the plant can be ob- 
tained as an almost clear dark brown liquid, free from chloro- 
phyll, or other suspended particles. This juice contains about 
10 per cent of solids, a part of which is in colloidal solution. The 
addition of about 20 per cent of alcohol causes the latter to separate 
as a flocculent precipitate, which can be readily filtered out. 

The filtered solution contains much nitrogen, but very little 
protein, probably less than 1 per cent. Some of this protein can 
be coagulated by heating the acidified solution, but more of it 
has properties characteristic of proteoses. 

Most of the protein in the aqueous extract is in the precipitate 
produced by alcohol, which contains the substances previously 
in colloidal solution. In addition to protein, which forms up- 
wards of 70 per cent of this precipitate, there are also present 
calcium phosphate and calcium salts of organic substances which 
can be extracted from the protein by alcohol containing HCl 
in which the protein is insoluble. The organic substances appear 
to be largely pigments which resemble the flavone derivatives 
already known to occur in many species of plants. 

The protein combines with HCl without passing into solution 
at room temperature. When suspended in water this hydro- 
chloride of the protein is converted into a jelly on heating, but 
does not dissolve, until heated for a long time with an excess of the 
acid. It behaves in a similar way toward dilute alkalies, but in 
this case passes into the gelatinous state at room temperatures. 
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Appreciable amounts do not dissolve, however, until the solution 
is heated. The precipitate of the colloids contains about 11.5 
per cent of nitrogen. After extraction with 75 per cent alcohol 
containing a little hydrochloric acid the nitrogen content is 
raised to nearly 15 per cent. By suspending the protein hydro- 
chloride, which results from the treatment with HCl, in water 
and adding dilute NaOH solution the protein separates at its 
isoelectric point in a flocculent condition. Practically nothing is 
thus removed except combined HCl. The nitrogen content of the 
protein is thus raised to nearly 15.5 per cent. When next treated 
with an excess of alkali at room temperature and precipitated by 
HCl the nitrogen content remains unchanged. No appreciable 
amount of substances soluble in alcohol, or in ether, are thus 
liberated by either the acid or alkali. 

When dissolved by heating with an excess of dilute alkali and 
precipitated with HCl preparations containing about 16.3 per 
cent of nitrogen were obtained. The nature of the non-protein 
complex thus removed has not yet been determined, but the deep 
yellow-brown color of the alkaline solutions, and the yellow 
color developed by adding alkali to the filtrate from the precipi- 
tate produced by acid, indicate the presence of the same pigment 
found in the acid alcohol extracts of the mixed colloids. Since 
this pigment is not removed by treatment with alkali at room 
temperatures, but is removed by heating, it seems probable that 
the protein is combined with this pigment, from which it can 
be separated only by hydrolyzing the complex. ; 

After removing the water-soluble constituents, 6.4 per cent 
of the alfalfa solids and 2.0 per cent of the nitrogen were ob- 
tained by extracting several times with alcohol. This extract 
contained nearly all of ‘the chlorophyll, together with other sub- 
stances, the nature of which has not yet been ascertained. 

Dilute sodium hydroxide solution extracted only 6.9 per cent of 
the alfalfa nitrogen, a part of which was protein precipitable by 
slightly acidifying the extract. The precipitate also contained 
some pentosans. 

After thus thoroughly extracting with water, alcohol, and 
dilute aqueous sodium hydroxide solution, the residue was 
boiled for a few minutes with 60 per cent alcohol containing 
0.3 per cent NaOH. This treatment extracted 17.8 per cent of 
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the ash-free solids and 39.3 per cent of the nitrogen of the alfalfa. 
About 60 per cent of this nitrogen belongs to protein, which can 
be precipitated by the cautious addition of acid. Some, or all, 
of the remaining 40 per cent may have been derived from the same 
protein in consequence of changes caused by the hot alkali. 

The protein in the residue of the alfalfa, after extraction with 
water and alcohol, behaves much like that found in the ‘‘colloid 
precipitate” produced by adding a little alcohol to the aqueous 
extract. -That this, likewise, may be a complex containing 
protein and a flavone-like pigment is indicated by the liberation 
of a relatively large proportion of the latter simultaneously with 
the protein, when the alfalfa residue is heated with the alkaline 
alcohol. 

After the successive extractions here described the residue was 
equal to 32 per cent of the solids of the plant, but contained only 
5.6 per cent of its nitrogen. Consequently we can conclude that 
by the methods we have employed nearly all of the cells of the 
plant were ruptured so that their contents could be extracted 
by suitable solvents. 

The procedure here outlined seems especially suited for separat- 
ing the various groups of substances soluble in the several solvents 
under conditions particularly favorable for further investigation. 
We hope in the near future to be able to supplement this pre- 
liminary investigation with more detailed studies of these differ- 
ent groups. 
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THE USE OF SODIUM SULFATE AS THE GLOBULIN 
PRECIPITANT IN THE DETERMINATION OF 
PROTEINS IN BLOOD. 


By PAUL E. HOWE. 


(From the Department of Animal Pathology of The Rockefeller Institute for 
Medical Research, Princeton, N. J.) ° 


(Received for publication, September 1, 1921.) 


In connection with a study of blood under normal and patho- 
logical conditions we proposed to use the method of Cullen and 
Van Slyke (1), for the determination of fibrin, globulin, and 
albumin nitrogen of blood plasma. A serious objection to the 
method is the use of ammonium sulfate as the globulin precipi- 
tant. This is so for two reasons, (a) because of the use of an 
ammonium salt which must be removed before determining the 
globulin nitrogen and (b) because of the physical difficulties 
involved in the removal of this nitrogen with magnesium oxide; 
particularly with reference to the ‘‘bumping” of the mixture. 
Both of these factors were realized by Cullen and Van Slyke, who, 
however, showed their method to be accurate, and believed that 
they had found a way -of preventing the extreme bumping. We 
have corroborated their method as far as duplication of results 
is concerned but found that Merck’s highest purity magnesium 
oxide is not always suitable for these determinations. Satis- 
factory results were obtained only by constant shaking of the 
Kjeldahl digestion flask during the distillation of the ammonia 
and the early part of the digestion. 

The use of a non-nitrogen-containing precipitant in place of 
the ammonium sulfate, it seemed, would remedy both of the 
defects indicated above. The salt most commonly replacing 
ammonium sulfate for the precipitation of the total globulins 
is magnesium sulfate. Sodium sulfate has also been shown to 
be a satisfactory precipitant for globulin. Preliminary trials 
with these two salts indicated that, with regard to clean pre- 
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tein solution between the proportions of 1 part of salt to 9 parts 
of protein solution and 9 parts of salt and 1 of protein solution 
caused a change in the hydrogen ion concentration of the mixture 
from pH 7.73 to 7.38 for sodium sulfate and pH 7.73 to 7.27 for 
magnesium sulfate. On the other hand, the addition of ammo- 
nium sulfate causes a change of hydrogen ion concentration of 
from pH 7.73 to 5.91. 

In the light of the results obtained by Miss Homer and also 
Kauder (8) and Hofmeister (9) with regard to the variation in 
the quantity of salt required for the precipitation of proteins it 
became necessary to determine the optimum concentration of 
sodium sulfate for the precipitation of the total globulins. 
Dilution of serum has experimental evidence in its favor; Porges 
and Spiro and particularly Wiener (10) have diluted the serum 
before precipitation. Wiener, using ammonium sulfate, came 
to the conclusion that the accuracy of his results was enhanced 
by dilution; he obtained a smaller quantity of globulin under 
such conditions. Contrary to the findings of previous workers 
we found a critical zone and indications of more than one criti- 
cal zone by using concentrations of sodium sulfate which dif- 
fered from the preceding member of the series by 1 per cent of 
the anhydrous salt. 

Determination of the Critical Zone for the Precipitation of Total 
Globulins.—A series of 50 ce. portions of sodium sulfate at 37°C. 
containing increasing quantities of sodium sulfate was measured 
into or prepared in wide mouth glass-stoppered bottles. 5 ce. of 
blood plasma were added to each bottle and the bottles placed 
in the incubator at 37°C. After 3 to 12 hours in the incubator 
the solutions were filtered and an aliquot, 25 cc., of the filtrate 
was taken for analysis. Nitrogen was determined by the method 
of Kjeldahl.!. The results for the most complete experiments are 
given in Chart 1 together with other data concerning the range 
of constant nitrogen values. 

Later, in our desire to make use of sodium sulfate as the pre- 
cipitant of protein in the determination of globulin when using 
small quantities of plasma or serum, it seemed desirable to work 
at higher dilutions. In this work two procedures were adopted: 


1 The addition of potassium sulfate is not necessary since sodium sulfate 
can take the place of potassium sulfate in the digestion. 
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(a) The plasma was diluted 1:10 with 0.8 per cent sodium chloride 
solution and 5 cc. of the diluted plasma, equivalent to 0.5 cc. of 
plasma, were added to 10 cc. of the required concentration of 
sodium sulfate; this gave a dilution of 1:33. (b) To 15 ce. of a 
given solution of sodium sulfate 0.5 ce. of plasma was added which 
gave a dilution of 1:32.3. The results obtained with these two 
procedures indicated that there was not an essential increase in 
accuracy by diluting the plasma before adding it to the salt solu- 
tion. In later work, therefore, the salt solution was added directly 
to the serum. : 

Evidence showing the effect of dilution upon the precipitation 
of blood proteins was obtained from three sources: (a) by coagulat- 
ing the proteins of different samples of plasma at increasing 
concentrations of sodium sulfate (Chart 1), these data served 
to establish the probable critical zone of precipitation; (b) by 
precipitating the same sample of plasma over a short series of 
increasing concentrations of sodium sulfate which covered the 
probable critical zone and in increasing dilution (see Table I); 
and (c) by using a short series of concentrations of sodium sulfate 
with a number of different plasmas. Data from the last set of 
experiments are not included in this paper but appear in part in 
the succeeding one since they are to be considered only as confirma- 
tory results and are of particular value in connection with the 
relative accuracy of the macro method and the micro method 
described there. 

Data are presented in Chart 1 which indicate that at 37°C. 
a zone exists between 20 and 22 per cent? of anhydrous sodium 
sulfate in which an increase of 1 per cent of sodium sulfate does not 
cause an increase in the quantity of protein precipitated which is 
greater than the error of the method (a maximum analytical 
error of approximately 1.5 per cent). On either side of this 
zone a change of 1 per cent in the concentration of the salt gives 
a result which is distinctly greater or less than the results obtained 
at the critical zone. 

The critical zone between 20 and 22 per cent of anhydrous sodium 
sulfate was indicated by the results obtained in our first work 


2 By 22 per cent of sodium sulfate we mean 22 gm. of sodium sulfate 
contained in 100 cc. of solution. 
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cipitation and rapid filtration, sodium sulfate was far superior to 
magnesium sulfate. When magnesium sulfate is used to pre- 
cipitate proteins, the precipitates are gelatinous in character and 
the solutions filter slowly. The chief objection to the use of 
sodium sulfate is the necessity of working at temperatures above 
34°C. for precipitation at the highest concentrations of the salt. 
The solubility of NasSO, + 10 H,O increases gradually up to 
approximately 10°C. and then rapidly to 34°C.; above 34°C. the 
anhydrous salt is in equilibrium with water and the solubility of 
the salt decreases gradually. Working at incubator temperatures 
conditions with regard to solubility are those which obtain in 
general with magnesium sulfate and ammonium sulfate; 7.e., a 
gradual change in solubility with each increment of temperature. 

The use of sodium sulfate for the precipitation of proteins is 
not a new procedure, nor is the use of it in the determination of 
the blood proteins a new process. Pinkus (2) realized the advan- 
tages of sodium sulfate in the study of proteins. He outlined the 
possibilities for its use and showed that (1) sodium sulfate pos- 
sesses at 30°C. the same protein-precipitating power as ammonium 
sulfate. (2) When the anhydrous salt is used instead of the 
hydrated salt, at the temperature indicated, it precipitated glob- 
ulins at the point of half saturation (about 25 per cent) and 
albumin at full saturation (about 50 per cent), it also allows of a 
fractionation of the proteins of Witte’s peptone. (3) The use 
of sodium sulfate presents the following advantages: (a) the color 
reactions are hardly at all interfered with, (6) the nitrogen of the 
precipitate may be estimated directly according to method of 
Kjeldahl, (c) it is easy to obtain solutions containing little salt 
(5 per cent) by cooling, and (d) the salt itself is practically non- 
toxic. (4) By adding to protein solutions enough anhydrous 
sodium sulfate to absorb all of the water, a product is obtained 
which can be kept without change in the protein and is easily 
workable. 

Porges and Spiro (3) confirmed the observation of Pinkus 
with regard to the precipitation limits of sodium sulfate: that 
the limits in terms of percentage of a saturated solution 
are approximately the same as those pertaining to ammonium 
sulfate. These authors used sodium sulfate in the quantitative 
separation of the serum proteins. They present evidence pointing 
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toward the presence of three globulins, a euglobulin and two 
pseudoglobulins, with precipitation limits at 28 to 36 per cent, 
33 to 42 per cent, and 40 to 46 per cent of saturated sodium sul- 
fate estimated from their published chart. Haslam (4) made 
use of sodium sulfate in the separation of albumoses. 

Homer (5) has recently used sodium sulfate in the concentra- 
tion of antitoxin and finds that antitoxin may be concentrated 
with sodium sulfate without denaturing by heat fully as well 
as with ammonium sulfate with heat. The removal of the salt is, 
moreover, simplified when sodium sulfate is used. Miss Homer 
constructed curves showing the percentage of protein precipi- 
tated by increasing amounts of ammonium sulfate and of 
sodium sulfate under various conditions of acidity and heat treat- 
ment and found them to be similar. She did not find critical 
points in the curves for the precipitation of eu- or pseudoglobulin 
or of serum albumin from undiluted serum. Mellanby (6) had 
previously failed to find critical zones with ammonium sulfate 
or magnesium sulfate. The following limits for the precipita- 
_ tion of the serum protein at 35-40°C. were found: pseudoglobulin 
precipitation complete at 11.5 to 18.5 per cent of anhydrous 
sodium sulfate, albumin completely precipitated at 32 per cent of 
anhydrous sodium sulfate. The precipitation of the individual 
proteins began at, and was complete at, lower concentrations 
of ammonium sulfate or of sodium sulfate than was required 
for their precipitation from their respective separate solutions in 
saline solution. There was also a greater overlapping of the 
precipitation limits for the individual proteins than was found 
for their separate solutions. The limits given hold for concen- 
tration of protein between 6.5 and 10 per cent. When the 
concentration of protein was reduced to 2.5 per cent, 34 gm. of 
sodium sulfate in 100 cc. were required for precipitation. Further 
dilutions required an increase in the concentration of the pre- 
cipitating salt. The concentration of the electrolyte required for 
precipitation was affected by the reaction of the plasma, but a 
- variation in‘reaction between pH 5.3 and 9.3 has only a slight 
effect on the result. 

Spiro (7) has studied the effect of the addition of neutral salts 
upon the hydrogen ion concentration of protein solutions. The 
addition of either sodium sulfate or magnesium sulfate to a pro- 
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tein solution between the proportions of 1 part of salt to 9 parts 
of protein solution and 9 parts of salt and 1 of protein solution 
caused a change in the hydrogen ion concentration of the mixture 
from pH 7.73 to 7.38 for sodium sulfate and pH 7.73 to 7.27 for 
magnesium sulfate. On the other hand, the addition of ammo- 
nium sulfate causes a change of hydrogen ion concentration of 
from pH 7.73 to 5.91. 

In the light of the results obtained by Miss Homer and also 
Kauder (8) and Hofmeister (9) with regard to the variation in 
the quantity of salt required for the precipitation of proteins it 
became necessary to determine the optimum concentration of 
sodium sulfate for the precipitation of the total globulins. 
Dilution of serum has experimental evidence in its favor; Porges 
and Spiro and particularly Wiener (10) have diluted the serum 
before precipitation. Wiener, using ammonium sulfate, came 
to the conclusion that the accuracy of his results was enhanced 
by dilution; he obtained a smaller quantity of globulin under 
such conditions. Contrary to the findings of previous workers 
we found a critical zone and indications of more than one criti- 
cal zone by using concentrations of sodium sulfate which dif- 
fered from the preceding member of the series by 1 per cent of 
the anhydrous salt. 

Determination of the Critical Zone for the Precipitation of Total 
Globulins.—A series of 50 cc. portions of sodium sulfate at 37°C. 
containing increasing quantities of sodium sulfate was measured 
into or prepared in wide mouth glass-stoppered bottles. 5 cc. of 
blood plasma were added to each bottle and the bottles placed 
in the incubator at 37°C. After 3 to 12 hours in the incubator 
the solutions were filtered and an aliquot, 25 cc., of the filtrate 
was taken for analysis. Nitrogen was determined by the method 
of Kjeldahl.!. The results for the most complete experiments are 
given in Chart 1 together with other data concerning the range 
of constant nitrogen values. 

Later, in our desire to make use of sodium sulfate as the pre- 
cipitant of protein in the determination of globulin when using 
small quantities of plasma or serum, it seemed desirable to work 
at higher dilutions. In this work two procedures were adopted: 


1 The addition of potassium sulfate is not necessary since sodium sulfate 
can take the place of potassium sulfate in the digestion. 
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(a) The plasma was diluted 1:10 with 0.8 per cent sodium chloride 
solution and 5 cc. of the diluted plasma, equivalent to 0.5 cc. of 
plasma, were added to 10 cc. of the required concentration of 
sodium sulfate; this gave a dilution of 1:33. (b) To 15 cc. of a 
given solution of sodium sulfate 0.5 cc. of plasma was added which 
gave a dilution of 1:32.3. The results obtained with these two 
procedures indicated that there was not an essential increase in 
accuracy by diluting the plasma before adding it to the salt solu- 
tion. In later work, therefore, the salt solution was added directly 
to the serum. 

Evidence showing the effect of dilution upon the precipitation 
of blood proteins was obtained from three sources: (a) by coagulat- 
ing the proteins of different samples of plasma at increasing 
concentrations of sodium sulfate (Chart 1), these data served 
to establish the probable critical zone of precipitation; (b) by 
precipitating the same sample of plasma over a short series of 
increasing concentrations of sodium sulfate which covered the 
probable critical zone and in increasing dilution (see Table I); 
and (c) by using a short series of concentrations of sodium sulfate 
with a number of different plasmas. Data from the last set of 
experiments are not included in this paper but appear in part in 
the succeeding one since they are to be considered only as confirma- 
tory results and are of particular value in connection with the 
relative accuracy of the macro method and the micro method 
described there. 

Data are presented in Chart 1 which indicate that at 37°C. 
a zone exists between 20 and 22 per cent? of anhydrous sodium 
sulfate in which an increase of 1 per cent of sodium sulfate does not 
cause an increase in the quantity of protein precipitated which is 
greater than the error of the method (a maximum analytical 
error of approximately 1.5 per cent). On either side of this 
zone a change of 1 per cent in the concentration of the salt gives 
a result which is distinctly greater or less than the results obtained 
at the critical zone. 

The critical zone between 20 and 22 per cent of anhydrous sodium 
sulfate was indicated by the results obtained in our first work 


2 By 22 per cent of sodium sulfate we mean 22 gm. of sodium sulfate 
contained in 100 cc. of solution. 
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Cuart 1. Curves showing the quantity of nitrogen, as grams of nitrogen 
per 100 cc. of serum or plasma, remaining in the filtrate after precipitation 
with increasing concentrations of sodium sulfate at 37°C. Curves I and 
II are for plasma and Curve III for serum at a dilution of 1:9.1. Curve 
IV is for plasma and Curves V and VI are for serum at a dilution of 1:32.3. 
The abscissz are in terms of concentrations of anhydrous sodium sulfate 
expressed as per cent and the ordinates are expressed as grams of nitrogen 
in 100 cc. of blood. 
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at a dilution of 1:10.3 These values do not hold absolutely for 
all degrees of dilution nor for all samples of blood as can be seen 
from Table I and Chart 1. With increasing dilution of the 
plasma there is a tendency for the critical zone to shift in the 
direction of a higher concentration of salt, 21 to 23 per cent of 
sodium sulfate. Furthermore, at the higher dilutions the amount 
of protein precipitated is less than at the lower dilutions. These 
facts have been noted previously for various salts by other investi- 
gators. The range of salt concentrations over which there is 
not a marked increase in precipitation for a small increment in 
salt may extend only over 2 per cent of sodium sulfate. On the 


TABLE I. 


Data indicating the effect of the dilution of blood serum or plasma upon 
the precipitation of total globulins by sodium sulfate at 37°C. Results 
are expressed as grams of nitrogen per 100 cc. of plasma and represent the 
quantity of nitrogen remaining in the filtrate after precipitation. 


Dilutions. 

1:1 1:10 1:20 1:30 1:40 

per cent 
19 0.499 0.511 0.516 0.536 0.553 
20 0.486 0.487 0.492 0.518 0.516 
21 0.459 0.428 0.411 0.443 0.437 
22 0.437 0.416 0.393 0.430 0.439 
23 0.380 0.383 0.387 0.412 0.393 
24 0.357 0.354 0.336 0.399 0.369 
25 0.352 0.315 0.303 0.341 0.343 


other hand, a sharp break in the curve of precipitation with in- 
creasing salt concentration has always been observed at approxi- 
mately the range of concentrations designated as the critical 
zone. 

The variability of the critical zone with dilution and to a less 
extent with the sample of blood raises a question as to the value 
of the results and as to the concentration of sodium sulfate which 
will probably be in the critical zone if only one precipitation is 
adopted. Our observations have been in most cases on blood 
which is freshly drawn. In some cases determinations have 


’ As a convenience in measuring, 5 cc. of plasma were added to 50 cc. 
of salt solution which gave an actual dilution of 1:9.1. 
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been repeated on old plasma and have shown that in many cases 
4 to 6 days later results obtained upon precipitation of the globulin 
are identical with those obtained with fresh blood. The fact is 
stated in support of the critical zone but not in support of the 
practice of analyzing old plasma. From the data presented and 
from that obtained in the analyses of blood in which two or more 
concentrations of sodium sulfate have been used, the precipita- 
tion of blood plasma or serum in a solution which contains 21.5 gm. 
of anhydrous sodium sulfate per 100 cc. of solution, or 21.5 per 
cent, is most likely -to correspond with the critical zone. At 
dilutions of plasma of’1:10 or higher the concentration given falls 
in the critical zone. The critical zone may be on either side of 
21.5 per cent of the salt, but this concentration has been one of 
at least two concentrations in which the quantity of globulin 
precipitated is essentially equal. Ordinarily results obtained at 
21 and 22 per cent of sodium sulfate fall in the critical zone. 

Where it is desired to be assured of the presence of the critical 
zone determinations have been made at both 21 and 22 per cent 
of sodium sulfate. If both results at these concentrations agree 
it is assumed that the critical zone has been reached. If there 
is a marked difference in the results a precipitation is made at 
23 per cent. In no case have we failed to obtain results in which 
one of the two pairs of concentrations showed an essentially con- 
stant degree of precipitation. 

Ocular evidence has often been obtained of a change in the 
quantity of protein thrown down when the precipitation took 
place in test-tubes under which, conditions the volume of precipi- 
tated protein shows a marked increase at the critical zone. 

Comparisons of the protein precipitated by sodium sulfate at 
21 to 22 per cent of sodium sulfate with that obtained with one- 
half saturated ammonium sulfate and magnesium sulfate at 
dilutions of 1:10 indicate that slightly less protein separates out 
when ammonium sulfate is used and more protein when magnesium 
sulfate is added. The results with magnesium sulfate have been 
repeatedly confirmed in other experiments. The data are con- 
tained in Table II. i 

Pinkus (2) gives 18.8 gm. of anhydrous sodium sulfate per 
100 cc. as the point of complete precipitation of the globulin 
of ox serum } dilute, horse serum ,}; dilute, serum globulin 
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7 per cent; and 20 gm. per 100 ce. solution for horse serum 
z's dilute and blood (ox) { dilute. The results given Above for 
serum diluted approximately 1:10 agree with that of Pinkus. 
On the basis of our results we feel justified in accepting the results 
obtained at 21.5 per cent of sodium sulfate as representing the pre- 
cipitation of all globulins of blood serum or plasma. 

The results of Porges and Spiro pointed to the possibility of 
other critical zones at approximately 12 to 14 per cent and at 
18 per cent of sodium sulfate. Working with increasing concen- 
trations of sodium sulfate we found critical :~nes at approximately 
the above concentrations (see Chart 1). These zones correspond 
roughly with the point of beginning precipitation in the chart 


TABLE II. 


Data relating to the quantity of nitrogen remaining in solution after 
precipitation with concentrations of sodium sulfate at the critical zone 
for total globulin and with one-half saturated ammonium sulfate and 
saturated magnesium sulfate at room temperature. Results are expressed 
as grams of nitrogen per 100 cc. of blood and represent the amount of 
nitrogen remaining in the filtrate after precipitation. 


Concen- | pig | Goat. | Horse. 
per cent 
Sodium sulfate at 37°C............ 21.3 0.393 0.399 0.443 


22.5 0.402 0.383 0.430 
23.2 0.311 0.372 0.412 


Ammonium sulfate................ 0.526 0.443 0.477 


of Porges and Spiro. They are not, however, always as definite 
as the critical zone at 21.5 per cent of sodium sulfate. The zone 
at 12 to 14 per cent of sodium sulfate would correspond to euglob- 
ulin which is usually precipitated by dilution and acidification 
with carbon dioxide or acetic acid and sometimes with saturated 
sodium chloride. The zone at 17.4 per cent of sodium sulfate 
would correspond to the second globulin of Porges and Spiro which 
is sometimes designated pseudoglobulin I. 

Relation between the Quantity of Protein Precipitated at 13.4 
Per Cent of Sodium Sulfate and with Sodium Chloride or Acidi- 
fication with Carbon Dioxide.—It was assumed that the protein 
precipitated at the critical zone at about 13.4 per cent of sodium 
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sulfate was probably euglobulin. If this was true the quantities 
of protein precipitated at this concentration and with other 
methods of precipitation should agree over a wide range of con- 
centration of protein. Comparisons were, therefore, made of 
the quantity of protein precipitated by 13.5 per cent of sodium 
sulfate at 37°C., and by saturation of the diluted serum or plasma, 
with carbon dioxide, and with sodium chloride at room termpera- 
ture. For the carbon dioxide precipitations 5 or 0.5 cc. of serum 
or plasma were pipetted into a cylinder and 50 or 15 ce. respec- 
tively of distilled water added after which carbon dioxide was 
passed through the solution slowly for from 34 hour to 2 hours 


TABLE III. 

Results obtained by precipitation of different sera with (a) 13.5 per 
cent sodium sulfate, (b) saturated sodium chloride, and (c) saturation 
with carbon dioxide. Results are expressed as grams of nitrogen per 100 cc. 
of serum and represent the amount of nitrogen remaining in solution after 
precipitation. 


Total nitrogen. Sodium sulfate. Sodium chloride. Carbon dioxide. 
0.658 0.595 0.621 0.573 
0.665 0.665 0.661 0.57 
0.693 0.600 0.569 0.621 
0.695 0.613 0.615 0.652 
0.696 0.630 0.615 0.652 
0.731 0.595 0.661 0.600 
0.863 0.718 0.792 0.735 
0.901 0.665 0.718 0.569 
1.046 0.915 0.929 0.915 — 
1.255 1.000 0.997 0.957 


according to the procedure of Robertson (11). The solution was 
then filtered and aliquot portions of the filtrate were taken for 
analysis. For saturated sodium chloride similar quantities of 
serum or plasma were taken and 50 or 15 cc. of saturated sodium 
chloride added after which solid sodium chloride was added in 
excess. These solutions were permitted to stand for 12 hours with 
occasional shaking. Table III contains comparative results with 
the three methods. 
The data cover a considerable range of protein concentrations 
and include some sera which contain practically no euglobulin. 
The average difference between the results obtained with sodium 
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sulfate and with saturated sodium chloride is a precipitation of 
0.027 gm. less of protein nitrogen per 100 cc. of blood with sodium 
chloride than with sodium sulfate. With relation to carbon diox- 
ide, there was a precipitation of 0.021 gm. more protein nitrogen 
per 100 cc. of blood by carbon dioxide than with sodium sulfate. 
The average difference between results is not much beyond the 
experimental error but the general trend of the results is charac- 
teristic of the procedure. Similar results have been obtained in 
a larger number of cases with sodium chloride and sodium sulfate 
which give an average difference, 0.018 gm. of protein nitrogen, 
which is approximately the same as the one given above. Com- 
parisons of the quantity of protein precipitated at 12.5, 13.5, 
and 14.5 per cent of sodium sulfate have shown repeatedly that 
the amount of protein precipitated at 13.5 and 14.5 per cent 
of sodium sulfate is essentially the same and is always more than 
that precipitated by 12.5 per cent of sodium sulfate. The selec- 
tion of 13.5 per cent of sodium sulfate at 37°C., we believe, as 
nearly represents the euglobulin fraction as can be determined by 
such quantitative procedures. 

There is an advantage in using sodium sulfate instead of car- 
bon dioxide or sodium chloride in that very constant conditions 
can be maintained. With carbon dioxide losses by evaporation 
and frothing are to begontended with, while with sodium chloride 
there is always the possibility that saturation is not complete. 

The Presence of Pseudoglobulin, Precipitated at 17.4 Per Cent 
of Sodium Sulfate, in Blood.—The presence of two pseudoglobulins 
in blood has often been discussed. Porges and Spiro have pre- 
sented evidence in favor of the occurrence of two pseudoglobulins 
as the result of their precipitations from dilute serum with mag- 
nesium sulfate, sodium sulfate, ammonium sulfate, and other 
salts. Haslam (12) has definitely concluded that there are not 
more than two serum globulins in blood serum, euglobulin and 
pseudoglobulin. His statement is based upon results obtained 
after repeated precipitation of globulins with ammonium sulfate. 
The problem was, therefore, in such a state that it did not seem 
that our somewhat indefinite, but still suggestive, critical zone at 
about 16.4 to 17.4 per cent of sodium sulfate was significant. 
We are not now assured of the significance of the precipitation 
at 17.4 per cent of sodium sulfate. Additional evidence has been 
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obtained, however, which points very strongly toward the pres- 
ence of a protein or protein complex whose precipitation is com- 
plete at approximately 17.4 per cent of sodium sulfate. 

The evidence rests upon two facts, in addition to that already in 
the literature, (a) the indication of a critical zone at 16.4 to 17.4 
per cent of sodium sulfate, already referred to, and (b) the absence 
of protein which is precipitated at 16.4 to 17.4 per cent of sodium 
sulfate in certain bloods. A precipitate first occurs at 18.4 per 
cent of sodium sulfate. Under suitable conditions the blood of 
the same animals will contain, within a few hours, large quantities 
of protein precipitable at 13.5 per cent of sodium sulfate, or 
by carbon dioxide, or saturated sodium chloride, and at 17.4 


per cent of sodium sulfate. Other work associated with this 


and confirming this observation will be presented in due time. 
The presence of a protein in this case rests upon the acceptance 
of the definition of a euglobulin as one which is precipitated by 
acidification with carbon dioxide in dilute solution. That the 
amount of protein precipitated by carbon dioxide from blood is 
practically the same as that obtained under two other conditions 
has just been discussed and points to the separation of at least 
a mixture of fairly definite composition. This being so the 
failure to obtain a precipitate until at least 18.4 per cent of 
sodium sulfate has been added to blood serum under some 
conditions and the presence of a precipitate under others is an 
indication of the existence of a protein or protein complex precipi- 
table between the limits of 13.5 and 17.4 per cent of sodium 
sulfate. 3 
The quantity of protein precipitated between 13.5 and 17.4 per 
cent of sodium sulfate in one series of experiments is roughly 
equal to that precipitated at 13.5 per cent. There are bloods in 


which the quantity of protein precipitated between these limits 


is greater than at 13.5 per cent of sodium sulfate. Judging from 
the volume of precipitate the greatest proportion of the precipi- 
tation may occur between 16.4 and 17.4 per cent of sodium sul- 
fate. This fact made us hesitate between 16.4 and 17.4 per 
cent of sodium sulfate as the percentage which would represent 
the approximate completion of the precipitation of pseudoglob- 
ulin I, On the other hand, there are cases in which no precip- 
itate occurs at 17.4 per cent of sodium sulfate. When the crit- 
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ical zone is most marked at the range of concentrations under 
consideration, 17.4 per cent of sodium sulfate is always one of 
the two concentrations involved and we have, therefore, adopted 
this concentration as the point which we consider as best repre- 
senting the quantity of euglobulin plus pseudoglobulin I present 
in blood. In case plasma is being studied the value at 17.4 per 
cent will represent fibrinogen, euglobulin, and pseudoglobulin I. 


DISCUSSION. 


Data have been presented which indicate that as increasing 
quantities of sodium sulfate are added to diluted serum or plasma 
or serum at 37°C. the amount of protein thrown out of solution 
increases. There are at least three points in such a series at which 
an increase of 1 per cent of sodium sulfate does not produce as 
large an increase in precipitation as will be caused by the concen- 
tration of salt preceding or succeeding these concentrations. These > 
points, or critical zones, are at 13.5 to 14.5, 16.4 to 17.4, and 
21 to 22 per cent of sodium sulfate. This is particularly true 
of the concentrations 13.5 to 14.5 and 21 to 22 per cent of sodium 
sulfate. At 16.4 to 17.4 per cent of sodium sulfate it is not al- 
ways possible to demonstrate a critical zone. 

Basing our conclusions on the quantity of protein precipitated 
as determined by analysis of the filtrate from such precipita- 
tions two of these critical zones agree very closely with: other 
methods for determining proteins. Results at the zone at 13.5 
to 14.5 per cent of sodium sulfate agree closely with those ob- 
tained with saturated sodium chloride and carbon dioxide. At 
21 to 22 per cent of sodium sulfate the results are approximately 
those obtained with magnesium sulfate and ammonium sulfate 
both of which have long been accepted as a means of completely 


4 In using the procedures described it is assumed that the aliquot taken 
from the filtrate after precipitation contains a true proportionate amount. 
of the unprecipitated protein and that there has not been any adsorption 
of the unprecipitated protein by the precipitated protein nor by the filter 
paper. The results of Spiro (13) indicate that precipitation is probably 
not complete and that there is a small amount of protein remaining unpre- 
cipitated. We have found that when diluted serum is filtered that there: 
is a small loss of nitrogen in the process which may be slightly greater than. 
the experimental error. 
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precipitating globulins. For the acceptance of the zone at 17.4 per 
cent of sodium sulfate the evidence rests in part upon the ab- 
sence of protein precipitable up to that concentration in certain 
bloods. 

Whether or not results obtained by precipitation of proteins 
from a mixture of proteins with salts represent separations of 
pure proteins is an open question. The considerable mass of 
literature on this subject is in favor of the opinion that the protein 
thrown down is a mixture of proteins; (a) present as compounds, (b) 
due to the adsorption of other proteins by the precipitated protein, 
or (c) because the precipitation limits overlap. One fact stands 
out in our experiments, however, which is applicable to any concen- 
tration of salt; under constant conditions of temperature and con- 
centration of salt a constant amount of protein is precipitated. 
Robertson (11) in developing his refractometric procedure for the 
determination of globulins substantiated his use of ammonium 
sulfate for the precipitation of total globulins upon the constancy 
of the results obtained with definite concentrations of salt. From 
our subsequent work with a method developed from our findings 
presented here we agree with Robertson in referring to precipi- 
tation with ammonium sulfate, that ‘‘if the proportion of this 
substance is different in the serum of different individuals or 
species, we may be fairly confident, therefore, that the quanti- 
tative relations of the globulin and albumin,” or intermediate 
globulin, ‘‘groups are different in these animals. ’”’ 

Our work has covered a number of species of mammals having 
blood of varying protein content and the limits given have held . 
in every case. On the other hand, in carrying out a problem 
involving the determination of serum or plasma proteins we 
would strongly advise the use of two succeeding concentrations 
of salt at the critical zone until it had been determined that the 
critical zone was present at the concentrations of salt used in 
that particular case. 


SUMMARY. 


1. Sodium sulfate solutions at 37°C. may be used to precipitate 
the proteins of blood into fractions corresponding to those usually 
separated by carbon dioxide or saturated sodium chloride, eu- 
globulin, and magnesium sulfate or ammonium sulfate, total 
globulin. 
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2. Critical zones in the curve representing the precipitation of 
protein with increasing salt concentration have been located at 
13.5 to 14.5, 17.4, and 21 to 22 per cent of anhydrous sodium 
sulfate at 37°C. For the purpose of estimating the quantity of 
protein present at these zones, 13.5, 17.4, and 21.5 per cent of 
sodium sulfate is reeommended. 

3. Evidence has been presented which tends to substantiate 
the presence of two globulins in blood serum in addition to euglob- 
ulin; pseudoglobulin I and pseudoglobulin II whose precipita- 
tions are complete at approximately 17.4 and 21 to 22 per cent 


of sodium sulfate respectively. 
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THE DETERMINATION OF PROTEINS IN BLOOD—A 
MICRO METHOD. 


By PAUL E. HOWE. 


(From the Department of Animal Pathology of The Rockefeller Institute for 
Medical Research, Princeton, N. J.) 


(Received for publication, September 1, 1921.) 


The use of sodium sulfate instead of ammonium sulfate in 
the precipitation of globulins makes it possible to determine 
the proteins of plasma or serum in small quantities of blood. 
The basis for the selection of sodium sulfate has been discussed 
in the preceding paper (1). Robertson (2) described a proce- 
dure for the determination of blood proteins in small quantities 
of blood with the aid of the refractometer. Cullen and 
Slyke (3) have proposed a procedure which gives consistent re- 
sults and which does not require any special apparatus beyond 
that to be found in any laboratory. Their method, however, 
required 5 cc. of plasma for each constituent of the blood deter- 
mined. The determinations described below can be performed 
with the usual laboratory apparatus and require but 0.5 cc. of 
plasma or serum for each determination. 

The procedures involve the precipitation of fibrinogen with 
calcium chloride, the globulins with definite concentrations of 
sodium sulfate at 37°C., and non-protein nitrogen with tri- 
chloroacetic acid. In the case of fibrinogen and non-protein ni- 
trogen the technique of Cullen and Van Slyke is followed. The 
globulins are precipitated by adding a concentration of sodium 
sulfate which is greater than the required percentage by the amount 
of sodium sulfate necessary to produce the desired percentage 
when added ‘to the blood sample. The solutions are prepared 
by dissolving the required quantity of sodium sulfate in a little 
less than the final volume, which requires heat for the higher 
percentages, and then diluting to volume at 37°C. All precipi- 
tations and filtrations with sodium sulfate are carried out in the 
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incubator or hot room. The following concentrations of sodium 
sulfate are needed: 14, 18, and 22.2 per cent. When 15 ce. 
portions of these solutions are added to 0.5 cc. of blood the final 
concentrations are approximately 13.5, 17.4, and 21.5 per cent 
of sodium sulfate respectively. At 13.5 per cent of sodium sulfate 
euglobulin is precipitated, at 17.4 per cent euglobulin and pseudo- 
globulin I are precipitated, and at 21.5 per cent all globulins are 
thrown out of solution. In case blood plasma is used fibrinogen 
is present in each case and the nitrogen representing this protein 
must be deducted. Suitable blanks must be made for each deter- 
mination. | 

The volume of solution used, 15.5 ec. (15 ec. of salt solution 
plus 0.5 ec. of blood), permits duplicate determinations to be 
made on each precipitation. This does not insure against errors 
in precipitation, but it has been our experience that simultaneous 
duplicate precipitations almost invariably agree. When it is 
desired to make duplicate precipitations it is advised that 13.5 
and 14.5 per cent, 16.4 and 17.4 per cent, and 21 and 22 per cent 
of sodium sulfate, final concentrations, be used. With these 
concentrations the values obtained with each pair should agree 


within experimental error, except perhaps in the case of 16.4 and | 


17.4 per cent of sodium sulfate. 

Precipitations are made in test-tubes or 50 cc. centrifuge tubes 
and then closed with a rubber stopper. The filtrations are con- 
ducted in the incubator using a dry 9 em. filter paper. It is 
desirable to wet the filter paper with a small amount of the solue 
tion to be filtered before pouring on the bulk of the solution con- 
taining the precipitate. The funnels are covered with watch- 
glasses. 1 inch test-tubes held in test-tube racks are convenient 
for filtration. With these tubes and the cover-glasses a reason- 
ably tight filtration system is obtained. : 

For measuring, the accurately calibrated Ostwald pipettes and 
the 15 cc. graduated pipettes introduced by Folin are used. 

The nitrogen determinations are conducted in large Pyrex 
test-tubes in general according to the original micro procedure 
of Folin and Farmer (4), and the distillations are carried out, 
according to the procedure of Folin and Wu (5) in their system 
of blood analysis, without cooling the distillate. In distilling, 
a Pyrex connecting tube is used which carries a distilling head and 
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has an enlargement on the tube which dips into the acid to guard 
against mechanical transfer of alkali and back suction. For 
titrations we use standard hydrochloric acid and sodium hydroxide 
which are approximately 0.05 and 0.025 n respectively. Our 
burettes deliver 25 cc. and are graduated to 0.05 cc. Methyl 
red is used as an indicator. 

The determinations are as follows: Plasma is collected so that 
it contains 0.5 per cent of potassium oxalate. Both plasma and 
serum are centrifuged until clear. 

Total Nitrogen.—0.5 cc. of plasma or serum is placed in a large 
Pyrex test-tube and the 2 cc. of concentrated sulfuric acid, 1 
drop of 5 per cent copper sulfate, and a quartz pebble are added; 
the solution is digested over a free flame until clear, and then 7 
to 10 minutes longer. Cool 3 to 5 minutes, add 25 to 30 cc. of 
ammonia-free distilled water, a small amount of talcum powder 
or powdered pumice stone, and concentrated sodium hydroxide 
solution sufficient to neutralize the acid, and distill into standard 
acid. 

In place of using two 0.5 cc. portions of blood 15 ce. of 0.8 
per cent sodium chloride solution may be added to one portion 
of 0.5 ce. and two 5 ce. portions of the diluted plasma taken for 
analysis. 

Fibrinogen.—0.5 cc. of plasma is measured into a tube, 14 ce. 
of 0.8 per cent sodium chloride solution at room temperature are 
added, then 1 cc. of 2.5 per cent calcium chloride, a small crystal 
of thymol, and the tube is stoppered. The tube and contents are 
allowed to stand until the fibrin is formed and then filtered on a 
dry filter. Two 5cc. portions of the filtrate are taken for analysis. 

Euglobulin.—0.5 cc. of plasma or serum is measured into a 
tube, 15 cc. of 14 per cent anhydrous sodium sulfate at 37°C. and 
a little thymol are added, and the tube is stoppered, shaken, and 
allowed to stand for at least 3 hours, or until the precipitate has 
settled. The solution is then filtered through a dry filter and two 
5 ec. portions are taken for analysis. The results represent euglob- 
ulin in the case of serum and fibrinogen plus euglobulin in the 
case of plasma. 

Euglobulin Plus Pseudoglobulin I.—The procedure is the same 
as for euglobulin except that 18 per cent sodium sulfate is used. 
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Total Globulins.—The procedure is the same as in euglobulin 
except that 22.2 per cent of sodium sulfate is used. 


Non-Protein Nitrogen.—0.5 cc. of plasma or serum is measured 
into a tube and 15 ce. of 5 per cent trichloroacetic acid at room 
temperature are added. The remainder of the procedure is the 
same as in euglobulin. 

The calculations of nitrogen are those ordinarily anne 
with Kjeldahl determinations. The volume of solution from 
which the aliquot portions for analysis are taken is 15.5 cc. We 
have expressed our results in terms of grams of nitrogen in 100 
ec. of blood. As the result of the analytical procedures the 
following results can be calculated for serum: 

Total nitrogen. 

Euglobulin nitrogen = Total nitrogen — nitrogen in filtrate 
from 13.5 per cent sodium sulfate precipitation. 

Pseudoglobulin I nitrogen = Nitrogen in filtrate from 13.5 
per cent sodium sulfate precipitation — nitrogen from 17.4 per 
cent sodium sulfate precipitation. 

Pseudoglobulin II nitrogen = Nitrogen in filtrate from 17.4 
per cent sodium sulfate precipitation — nitrogen in filtrate from 
21.5 per cent sodium sulfate precipitation. 

Total globulin nitrogen = Total nitrogen — nitrogen in filtrate 
from 21.5 per cent sodium sulfate precipitation. 

Albumin nitrogen = Nitrogen in filtrate from 21.5 per cent 
precipitation — non-protein nitrogen. 

Non-protein nitrogen = Nitrogen in filtrate from trichloro-- 
acetic acid precipitation. 

For plasma the euglobulin is estimated by subtracting the 
filtrate nitrogen from the nitrogen in the filtrate after the pre- 
cipitation of fibrinogen. 

Table I contains some comparative data on the Cullen-Van 
Slyke procedure and the micro method. Determinations using 
sodium sulfate and magnesium sulfate in the Cullen-Van Slyke 
method are included. Determinations for pseudoglobulin I are 
not included in the table since they were not made at the time 
the plasma was analyzed. The results are expressed in terms 
of the nitrogen remaining in the filtrate after precipitation with- 
out calculating the various fraetions. 
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TABLE I. 
Comparative results obtained with the method of Cullen and Van Slyke 
‘‘macro”’ and the micro method. Results are expressed as grams of nitro- 
gen per 100 cc. of blood remaining in the filtrate after precipitation. 


Cow. Pig. Goat. Horse. 
Macro. | Micro. | Macro. | Micro. | Macro. | Micro. | Macro. | Micro. 
Total nitrogen...... 1.67 | 1.05 | 1.05 1.10 1.08 
1.31 | 1.39 0.91 | 0.92 | 0.98 | 0.97 | 1.03 | 0.97 
Saturated NaCl..... 1.01 | 1.00 | 0.80 | 0.81 | 0.84 | 0.83 | 0.90 | 0.89 
Sodium sulfate. 
13.5 per cent.... 1.01 0.74 0.84 0.88 
0.29 0.39 0.40 0.44 
eS Se 0.27 0.40 0.38 0.43 
0.27 0.31 0.37 0.41 
Trichloroacetic acid.| 0.06 | 0.07 | 0.03 | 0.02 | 0.05 | 0.07 | 0.04 | 0.06 
Ammonium sulfate.. 0.53 0.44 0.48 
Magnesium sulfate.. 0.32 0.39 
BIBLIOGRAPHY. 
1. Howe, P. E., J. Biol. Chem., 1921, xlix, 93. 
2. Robertson, T. B., J. Biol. Chem., 1918, xxii, 233. 
3. Cullen, G. E., and Van Slyke, D. D., J. Biol. Chem., 1920, xli, 587. 
4. Folin, O., and Farmer, C. J., J. Biol. Chem., 1912, xi, 493. 
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AN EFFECT OF THE INGESTION OF COLOSTRUM UPON 
THE COMPOSITION OF NEW-BORN 


By PAUL E. HOWE. 


(From the Department of Animal Pathology of The Rockefeller Institute for 
Medical Research, Princeton, N. J.) 


(Received for publication, September 22, 1921.) 


An interesting relation between the ingestion of colostrum 
and the composition of the blood of new-born calves was observed 
in the course of a study in progress in this department. It was 
found that the blood serum of a new-born calf before it has nursed 
does not contain proteins precipitable by 17.4 per cent anhydrous 
sodium sulfate, or at least but a trace of precipitation occurs 
at this concentration. Precipitates do not occur with concen- 
trations less than 17.4 per cent of sodium sulfate, with saturated 
sodium chloride, nor with carbon dioxide. If we accept the 
usual means of separating the proteins of blood the failure to 
obtain a precipitate under the above conditions amounts to say- 
ing that the blood of a new-born calf does not contain euglobulin 
nor pseudoglobulin I. After the calf has received colostrum the 
blood serum contains relatively large amounts of protein pre- 
cipitable by carbon dioxide, saturated sodium chloride, and 
13.5 per cent sodium sulfate—euglobulin—and also at 17.5 per 
cent of sodium sulfate—pseudoglobulin I.1_ On the other hand, 
if the calf is given ordinary whole milk from a cow well along in 
lactation, or receives milk from a cow which has not been ‘‘ dried 
off’’ before parturition, z7.e. has been milked up to or close to the 
time of parturition, conditions in which very little globulin is 
ingested, the quantity of euglobulin or pseudoglobulin in the 
blood is negligible. The subsequent ingestion of colostrum after 


1 These proteins may be absent from the blood of older calves. The 
conditions under which this occurs have not been, as yet, determined. 
So far as we have examined the blood of adult animals, the serum always 
contains euglobulin and pseudoglobulin I. 
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TABLE I. 
Data Showing the Relation between the Ingestion of Colostrum and the 


Composition of the Blood of New-Born Calves. 


Ingestion of Colostrum on Blood 


Expressed as Gm. of Nitrogen in 100 Cc. of Blood. 


Results are 


Remarks 2 | 42 |42|_3| | 
3 | | 2 | 32 
Calf A. 
5 hrs. after birth. No colostrum. |0.596/0.023]0.004 |o. Moo. 167|0.376 0.053 
6 hrs. after receiving colostrum. 
Calf B. 
5 hrs. after birth. No colostrum. |0.605/0.000/0.009 |0.140/0.141/0.390/0.074 
16 hrs. after receiving whole milk. 
5 hrs. after receiving colostrum | 
from mother. Age 26 hrs..... 0.632/0.000|0.074 
17 hrs. after receiving colostrum. 
Calf C. ‘ 
6 hrs. after birth. No milk..... 083/0. 157/0.415)0. 053 
17 hrs. after nursing. Mother 
not ‘‘dried off’’............... 0.647|0.039 0.192/0.231/0.363/0.053 
24 hrs. after nursing mother. 
0.611/0.051/0.149 |0.035/0.235/0.323/0.053 


*In these cases there was practically no protein precipitated at 16.4 


per cent of sodium sulfate. 


at 17.4 per cent of sodium sulfate. 


The results given are based on data obtained 
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_@ period, so far observed, of 21 hours results in the appearance 
of the globulins in the blood. The above facts relate to blood 
serum. [Fibrinogen is present in the blood of a new-born calf 
and is precipitated under all of the conditions mentioned above. 

In the study of the changes which take place in the blood of 
young calves the recently published method? was used, which 
involves the use of sodium sulfate at 37°C. The data of Table I 
serve to illustrate the changes which take place in the composi- 
tion of the blood of the calf during the early days of its life.* 

Calf A received colostrum within 5 hours after birth. Calf 
B was fed whole milk 5 hours after birth and then its mother’s 
colostrum which had been held in the refrigerator for 16 hours. 
The mother of Calf C was milked up to the time of parturition. 

The absence of euglobulin and pseudoglobulin I from the blood 
of new-born calves and its sudden appearance after ingesting 
colostrum brings the relation of colostrum to the new-born into 
anew light. It would appear that the calf receives its first supply 
of these globulins from the colostrum and that if they are not 
acquired from the colostrum it probably takes some time to form 
them. We are now studying the conditions under which these 
globulins are produced. 

It has repeatedly been shown that colostrum is rich in globulins 
and that later the quantity of globulin in milk is practically 
negligible; the presence of globulin has, in fact, often been ques- 
tioned. The function of colostrum has not been well understood; 
the most common explanation is that it acts as a purgative. It 
has been observed that an animal can live and grow without 
colostrum. Hohlfeld‘ found that dogs, goats, and guinea pigs 
could be raised without receiving colostrum but that better 


2 Howe, P. E., J. Biol. Chem., 1921, xlix, 109. 

3 There is some difference of opinion with regard to the significance 
of results obtained by precipitation of proteins from a mixture of proteins, 
such as blood serum, due to the overlapping of the precipitation limits or 
the adsorption of unprecipitated protein by the precipitated protein. The 
data in Table I indicate that for comparative studies the results have some 
significance. The wide range in variation in the amount of globulins does 
not appear to have the marked effect upon the various fractions estimated 
which one would expect if the interfering factors played an important 
réle in the processes involved. 

4‘ Hohlfeld, M., Arch. Kinderheilk., 1907, xlvi, 161. 
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growth in early life occurred when colostrum was taken. He 
ascribed the value of colostrum to its higher nutritive value, 
which enabled the young with a small stomach capacity to ob- 
tain sufficient nourishment in a relatively small volume. We have 
observed the effect of the absence of colostrum upon the feces 
content of young calves®> and found that the appearance of an 
increased fat content which occurs normally in about 3 days was 
delayed but that it appeared subsequently. 


It is a pleasure to record our thanks to Dr. R. B. Little for the 
opportunity of analyzing blood serum collected by him in the 
course of his experiments. 


5 Howe, P. E., Am. J. Dis. Child., 1921, xxi, 57. 
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VITAMINE CONTENT OF RICE BY THE YEAST METHOD. 


ORGANIC NITROGEN AS A POSSIBLE FACTOR IN STIMULATION 
OF YEAST. 


By WILLIAM D. FLEMING. 
(From the Laboratory of the Walter Reed General Hospital, Washington.) 


(Received for publication, August 24, 1921.) 


Although the etiological réle of rice in connection with beri-beri 
was among the first considerations which opened up the entire 
subject of vitamines, recent investigations have paid but little 
attention to rice as a source of water-soluble B. It was under- 
stood that if the diet was not sufficiently supplied with other 
sources of water-soluble B, the rice must retain enough of the 
pericarp to supply this deficiency, but quantitative expression of 
the water-soluble B so supplied was wanting. Recently the writer 
had occasion to estimate the water-soluble B content of a particu- 
lar lot of rice which was supplied to troops so situated as to make 
this source of the vitamine of importance. The estimation was 
attempted by the yeast cell method then being published by 
several investigators. The results are submitted as an example 
of practical application of the method and as a suggestion of one 
possible factor upon which the stimulation of yeast growth 
depends. 

The technique of Fulmer, Nelson, and Sherwood! was used 
for estimating the growth of the yeast, the ‘‘count,’’ as mentioned 
hereafter, being the same as theirs; number of cells seen in 16 
small squares of the blood counting chamber. An extract of 
Fleischmann’s yeast in 0.1 per cent acetic acid was used as a 
standard source of water-soluble B. For purposes of comparison, 
extracts in 0.1 per cent acetic acid of samples of rice of the same 
growing but in varying stages of milling and polishing were used. 


1 Fulmer, E. I., Nelson, V. E., and Sherwood, F. F., J. Am. Chem. Soc., 
1921, xliii, 186. 
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The rice under investigation was likewise used in extract in 0.1 
per cent acetic acid. 

The results of the cultures after additions of these extracts 
were similar to the results of similar experiments by others and 
need not be given in detail. In general the growth of the yeast was. 
proportional to the amount of extract added, and the growth was. 
not only greater with increasing amounts of extract but, in the 
case of yeast and of rice supposedly rich in water-soluble B— 
unhusked and brown rice—‘he rate of increase of growth per unit. 
weight of extract added was greater. 

However, when these stimulating extracts were so treated with 
alkali as to destroy any water-soluble B they might contain, 
results were obtained which threw grave doubts on the growth 
of yeast being a measure of the water-soluble B content of the 
culture medium. After addition of sodium hydroxide to the 
extract to a concentration of 10 per cent, boiling the extract almost 
to dryness, neutralizing with concentrated hydrochloric acid, 
and making up to the original volume with 0.1 per cent acetic 
acid, such an extract produced as great a growth as before alkali 
treatment, and in some cases even greater growth. This was 
regarded as throwing sufficient suspicion on the method as a 
quantitative measure of water-soluble B to cause it to be aban- 
doned for the purpose of the original inquiry. An opinion on 
the suitability of the rice was rendered based on the amount 
of pericarp present as evidenced by the iodine test and the per- 
centage of fiber, fat, and phosphorus present.?? ; 

In seeking an explanation of the decided stimulation of yeast. 
growth by these extracts, both before and after treatment with 
alkali, it occurred to the writer that the addition of nitrogen in 
organic form in the extract to the culture medium in which the 
nitrogen is present solely as inorganic nitrogen might be a factor 
in this stimulation. It will be remembered that it is a basic 
principle of the yeast method that the nitrogen of the culture 
medium be derived solely from inorganic sources. 

In investigating this point, the total. nitrogen of several of the 
extracts was determined, using the Folin micro-Kjeldahl technique. 


2 Vedder, E. B., Beriberi, New York, 1913, 87. 
’ Leach, A. E., Food inspection and analysis, New York, 3rd edition, 
1913, 272, 277, 301, 346. 
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as used in this laboratory for determination of the non-protein 
nitrogen of blood. With these values and with the counts pro- 
duced by these extracts in the growth experiments two ratios 


were derived: 


Count for n mg. of extract 


oi 
Ratio Nitrogen in n mg. of extract 
; Nitrogen in n mg. of extract 
Ratio Il. — 
Nitrogen as NH,Cl in culture flask 
TABLE I. 
Weight of material added to flask. Nitro- 
Material extracted. gen per 
5 mg. | 10 mg. | 25 mg. | 50 mg. {75 mg . {10° ms. 
7 Count.... 70 63 82 58 134 | 1.75 
Rice bran, R‘ckert.; Ratio I....| 800] 186 66} 101 
Ratio II. (0.0341/0.058 
Riss: tener iuad; Count.... 29 28 24 30 42 | 0.56 
Ratio I..../1,040 | 171 | 107] 100 
Ratio II... 0.0185 
Count...../ .11 42 40 54 60 | 0.85 
Ratio I....| 259 | 520 187 126 94 
Ratio II. ..|0.0019 0.0037'0.0094'0.0188:0.0278 
: Count.... 24 30 20 46 83 | 0.55 
break, Gros-). patio 1....| 370| 543 | 146| 167| 201 
Ratio II...|0.0012 
Count.... 18 14 14 37 43 | 0.77 
Rice, QMC contract.; Ratio lI....| 465 | 172 72 | 130 74 
Ratio II... (0.0255 
Count.... 27 32 71 82 {| 112) 1.69 
Yeast. Ratio I....!| 320} 200! 168 97 88 
Ratio II... 0.0037 0.0074 0.018 |0.0374,0.056 


The second ratio gives the percentage of organic nitrogen to in- 


organic nitrogen in the culture flask. 


(46 cc. of culture medium 


in each flask.) The values of these two ratios as found for various 
amounts of several extracts are given in Table I. 
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These ratios show wide variations it is true. Still it is believed 
these variations fall sufficiently within the experimental variation 
of the method itself to suggest that the addition of organic ni- 
trogen to the culture medium is a factor in the stimulation of 
yeast growth by extracts of organic substances. It will be noted 
that the lowest concentration of this organic nitrogen in Ratio 
II of Table I is 0.1 per cent and that it runs as high, in the case of 
the higher counts, as 5.8 per cent. It is believed that this con- 
centration of organic nitrogen is too high to be a negligible factor 
in a method a basic requirement of which is that the nitrogen 
of the culture medium shall be entirely inorganic. The values 
for Ratio I for equal amounts of extract also show a suggestive 
constancy. 


SUMMARY. 


1. In an attempt at quantitative estimation of the water-soluble 
B content of rice, the yeast method was abandoned, the results 
of alkali treatment of the stimulant extracts being regarded as 
disproving a specific action of water-soluble B in stimulation of — 
yeast growth. 

2. Evidence is submitted that the addition of organic nitrogen 
to the inorganic nitrogen of the .culture medium is one factor in 
the stimulation of yeast growth. 
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THE CATALYTIC EFFECT OF AMMONIA ON THE 
OXIDATION OF BUTYRIC ACID WITH 
HYDROGEN PEROXIDE. 


By EDGAR J. WITZEMANN. 


(From the Otho S. A. Sprague Memorial Institute, Laboratory of Clinical 
Research, Rush Medical College, Chicago.) 


(Received for publication, July 18, 1921.) 


The results described in this paper bring to light what appears 
to be a specific effect of ammonium hydroxide on the oxidation 
of butyric acid by hydrogen peroxide. The results are of such 
a nature that it appears that they aid in interpreting fatty acid 
oxidation in acidosis of the diabetic type. 

The experiments here described grew out of a discordance 
between the author’s own previous results' on the influence of 
varying amounts of potassium hydroxide on the oxidation of 
butyric acid with hydrogen peroxide and those of Dakin? on the 
oxidation of ammonium butyrate with hydrogen peroxide. In 
my own experiments it was found that the acetone yield increased 
as the amount of potassium hydroxide present diminished, but 
was never large. Dakin did not vary the amount of ammonium 
hydroxide used, but obtained many times as much acetone as 
was obtained under similar conditions with potassium hydroxide 
in my own experiments. Under these conditions, it seemed 
advisable to run simultaneous comparative experiments on the 
influence of ammonium and potassium or sodium hydroxides, 
particularly since specific effects of the salts of these bases on 
biological processes have become better known since the time of 
Dakin’s publications. Both Dakin’s and my own previous 
experiments were fully confirmed. The new experiments devel- 


1 Witzemann, E. J., J. Biol. Chem., 1918, xxxv, 83. 

2 Dakin, H. D., J. Biol. Chem., 1908, iv, 77. 

3’ Cf. Amberg, S., and Helmholz, H. F., J. Pharm. and Exp. Therap., 
1918, xii, 19 for data and many references. 
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oped give additional interest to the careful experimental studies 
of Dakin on the oxidation of butyric acid. On the basis of the 
results described here, it seems not impossible that he was study- 
ing the actual mechanism of fatty acid oxidation in the diabetic 
type of acidosis, or at least a mechanism generically related to it. 


EXPERIMENTAL. 


Methods of Analysis —When the large number of possible 
products of oxidation of butyric acid is considered, it is obvious 
that a complete quantitative analysis by the crude methods 
available, even for such of these compounds as are chemically 
known, is still out of the question. The problem, therefore, 
was to make such analytical determinations as would give an 
unmistakable indication of the state and trend of the oxidation. 
Suitable simple ways of determining unchanged butyric acid, 
acetone, and carbon dioxide were adopted and were found to 
give the needed information. 

A portion of the oxidation solution (generally 100 or 110 cc.), 
with 50 ec. of water and 2 gm. of powdered manganese dioxide, 
was placed in a long necked distilling flask attached to a long 
condenser. It is necessary to use some catalyst that decom- 
poses peroxide rapidly so that the results may be comparable, 
but especially to prevent the volatilization of the peroxide, which 
interferes with the acetone titration. A Wolff bottle connected 
by means of an adapter constituted the receiver. The other: 
tubulature of the Wolff bottle was connected to two low wide 
mouthed wash bottles. Two wash bottles, containing sodium 
hydroxide and barium hydroxide, respectively, were attached 
to the distilling flask. During distillation a suction pump attached 
at the lower end circulated CO.-free air into the apparatus and 
transported the CO, evolved on warming the mixture in the flask 
into the barium hydroxide solution. When only about 50 cc. re- 
mained in the distilling flask distillation was interrupted. The 
flask contents were filtered to remove the manganese dioxide, the 
filter was washed, about 50 cc. of water were added, the solution 
was strongly acidified with phosphoric acid, and distillation was 
resumed. In this way small additional amounts of CO, were 
obtained and also unchanged butyric acid as well as other 
volatile acids were driven over. 
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The CO. formed was determined by filtering off and weighing 
the BaCO; precipitated. The acetone was determined by using 
an aliquot portion of the distillate for the Lieben iodoform titra- 
tion and the iodine consumed was calculated as acetone. This 
does not give the correct amount of acetone, since other iodo- 
form-producing compounds are also present. The results, how- 
ever, are satisfactory for comparative purposes. 

The rapid determination of unchanged butyric acid in the dis- 
tillate, even approximately, gave more difficulty until the rough 
method given below was adopted. The other possible volatile 
acids that would most likely interfere are propionic, acetic, and 
formic acids. Fortunately, all these acids in dilute aqueous 
solutions, such as were used here, have a typical form of volatility 
curve as was shown in another connection in a previous paper. 
On the basis of these curves and in the absence of a better method, 
the attempt was made to utilize this characteristic behavior on 
distillation to identify the main volatile acid products and to 
determine them approximately at the same time. 

In order to determine whether this volatility curve can be used 
for the determination of unchanged butyric acid three distilla- 
tions with known amounts of butyric acid were carried out. The 
amount of butyric acid given in the table was made up to 225 cc. 
with distilled water. Four fractions of 50 cc. were distilled off 
and titrated with 0.1 n NaOH. 


A B Cc 
Butyric acid used, gm.............. 0.25 0.25 0.125 
10.50 10.92 5.38 
ones 5.60 5.52 2.75 


More concordant results than these were repeatedly obtained 
without any special care. It will be noted that if the amount of 
butyric acid had been unknown in any case it could have been 


‘ Witzemann, E. J., J. Am. Chem. Soc., 1919, xli, 1948. 

§’ Duclaux, M., Ann. chim. phys., 1874, ii, 289; Ann. Inst. Pasteur, 1895, 
ix, 265. Upsom, F. W., Plum, H.M., and Schott, J. E., J. Am. Chem. Soc., 
1917, xxxix, 731. 
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determined approximately from the titration values in the other 
columns. | 

The results are given graphically in Curves I, II, and III in 
Fig. 1 for comparison with the curves of unknowns. 

The method proved satisfactory for the purposes of this paper 
and was valued because the determination could be made in 15 
or 20 minutes. 

The data on the butyric acid recovered in such experiments are 
of especial importance for two reasons. (1) They enable one to 
determine approximately how much oxidation of all kinds has 
taken place. (2) Acetone is subject to oxidation in alkaline 
solutions with hydrogen peroxide’ and the acetone found would not 
necessarily be a satisfactory index of the amount of oxidation that 
occurred. Owing, moreover, to the fact that enolization pre- 
cedes oxidation in the case of acetone’ the velocity of this oxida- 
tion of acetone would probably be greater when potassium is 
used than when ammonium hydroxide is used and so lower yields 
of acetone would be expected with the former. The data as 
determined prevent any such misunderstanding of the results. 

In the preliminary qualitative experiments given below only 
the first distillation was carried out and no effort was made to 
determine the unchanged butyric acid and the carbon dioxide 
formed. Later the methods described above were developed and 
used. 

It is well known that ammonium reacts in various ways with 
_ hypochlorous acid and alkali hypochlorites, hypobromites, and hy- 
poiodites in such a way that oxidation of ammonia results. This 
process is apparently perceptible on adding 0.1 N iodine solution to 
a solution strongly alkaline with sodium hydroxide containing small 
amounts of ammonia. Test experiments showed that although 
small, the error due to such reactions in the titration of acetone 
was increasingly significant as the amount of acetone present 
diminished. This error can be avoided by adding excess phos- 
phoric acid to the distillate containing ammonia and distilling 
again. Moreover, if the excess is sufficient the butyric acid is 
quantitatively recovered. In all experiments reported in this 


6 Witzemann, E. J., J. Biol. Chem., 1918, xxxv, 89. 
7Witzemann, E. J., J. Am. Chem. Soc., 1917, xxxix, 2657. 
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paper 10 cc. of syrupy phosphoric acid were used in this extra 
distillation for the removal of ammonia. 

For the sake of convenience and accuracy the butyric acid used 
in all experiments was converted into a 5 per cent aqueous solu- 
tion so that 5 cc. corresponded to 0.25 gm. of the acid. Similar 
solutions of ammonium, potassium, and sodium hydroxides 
were prepared of which 5 cc. corresponded to 0.25 gm. of butyric 
acid. 

Influence of Ammonium Hydroxide.—In the following experi- 
ments with mixtures of butyric acid and potassium butyrate no 
marked difference in the yield of acetone was observed. Aqueous 
solutions, 100 cc. in volume, containing 50 cc. of 3 per cent hy- 
drogen peroxide and butyric acid as given below were allowed 
to stand 42 to 45 hours at room temperature and analyzed. (a) 
Contained 0.25 gm. of butyric acid as the K salt. (6b) Contained 
0.20 gm. of butyric acid as the K salt and 0.05 gm. of free butyric 
acid. (c) Contained 0.15 gm. of butyric acid as the K salt and 0.10 
gm. of freebutyricacid. (d) Contained 0.25 gm. of free butyric acid. 

In all cases the iodine consumed by the distillate corresponds 
to about 0.001 to 0.002 gm. of acetone. In other words, the ace- 
tone formed is practically imperceptible in all cases. 

A similar series of experiments was done with ammonium buty- 
rate. The ammonium butyrate was prepared by neutralizing 
a butyric acid solution of known strength with ammonium hy- 
droxide using some excess of ammonia. 100 cc. of solution con- 
tained 50 cc. of 3 per cent hydrogen peroxide and 


(1) ge egg of butyric acid as yielded 0.0133 gm 
(2) With 0.20 gm. of butyric acid as 
NH, salt and 0.05 gm. of free . 4 
butyric acid 
(3) With 0.15 gm. of butyric acid as 
NH, salt and 0.10 gm. of free * * 
butyric acid 
(4) gm. of free butyric| ,, 0.0041 “ « 


. of acetone. 


These results show that the presence of the ammonium radi- 
cal causes a marked increase in the yield of acetone. This result 
is in sharp contrast to what was regularly observed with potassium 
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butyrate as compared with butyric acid, as indicated ~ results 
such as those given above. 

Another series with 0.25 gm. of butyric acid and 50 cc. of 3 per 
cent hydrogen peroxide in 100 cc. of solution and containing 
ammonium hydroxide as follows: 


(5) With 50 cc. of NH,OH solution yielded 0.0096 gm. of acetone. 
(5 cc. = 0.25 gm. of butyric acid.) 

(6) With 25 cc. of NH,OH solution yielded 0.0076 “ “ 


(9) “ 6.25 “ NH,OH 0.0030 “ 
(10) “5.00 “ “ NHOH “ 


* * * 0.001388 “ “ « 


These experiments constitute parts of three different series in 
which all of the reagents used and the solutions for titration were 
different. Although there is apparently considerable variation, 
the results conform with the preceding series. The results with 
(5), (6), and (7) suggest that apparently the maximum effect 
of the ammonium hydroxide is being exerted since the increase 
in the acetone is nowhere nearly proportional to the increase in 
ammonium hydroxide. 

Repetition of (5), (6), and (10), brought out the fact that after 
67 hours at room temperature, all peroxide had disappeared from 
(5), all but a trace from (6), while (10) still contained much per- 
oxide. On distilling the mixtures in the presence of 2 gm. of man- 
ganese dioxide, the following results were obtained: 


(5) 0.01887 gm. of acetone (11.5 per cent yield). 
(6) 0.0258 “ ‘6 (15. 7 
(10) 0.00523 “ ( 32 ). 


By means of other experiments which will not be described here, 
it was found that ammonium hydroxide catalyzes the rapid de- 
composition of hydrogen peroxide while potassium hydroxide 
does not do so. The smaller amount of oxidation in (5) as com- 
pared with (6) is due to the fact that more oxygen was lost into 
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the air in the latter case. This simply means that the oxidation 
reaction is not increased at the same rate by additional ammonium 
hydroxide as the decomposition reaction when the concentration 
of the other components remains the same. 

The evolution of oxygen is visible in both (5) and (6), but not 


in (10). 


The difference in the effect of potassium hydroxide as com- 
pared with ammonium hydroxide is strikingly brought out by 
the following experiments in which 0.25 gm. of butyric acid and 
50 cc. of 3 per cent hydrogen peroxide in 100 cc. of solution, 


(13) 


(14) 


(15) 
(16) 


* This 
observed. 


The results with (14) and (16) vary considerably with condi- 
tions, but can be duplicated for any set of conditions. Those for 
(13) and (15) are not subject to marked variations. Moreover, 
on standing longer than 2 days the results for (13) and (14) de- 
viate farther and farther as the slow oxidation in (14) progresses. 
The final result in (14) after standing several weeks tends to 
approach the highest results obtained in (16). From this, one 
may conclude that the effect of ammonium hydroxide for a given 
time interval varies in the same way as the concentration and is 
in general influenced in the normal way by those factors that 
regulate the velocity of chemical reactions. 

Interpretative Experiments—In order to determine more ac- 
curately what happened in the above Experiments 15 and 16 with 
potassium and ammonium hydroxide, respectively, were repeated. 
After standing at room temperature nearly 3 days (16) was free 
from peroxide while (15) still contained unchanged hydrogen 
peroxide. 


ceptible 
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With 5 cc. of KOH solution| yielded 0.00109 gm. of acetone. 
(= 0.25 gm. of butyric acid) 
With 5cc. of NH,OH solution “ 0.00126 “ “ a 


(= 0.25 gm. of butyric acid) 0.00193 “ “ « 
0.00377  « 

With 20 cc. of KOH solution “« 0.00092 “ “ as 


0. 0338 * 
result with the others in (16) show the extreme variations 


The evolution of oxygen from both was clearly per- 
during the first day or more. 
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When (16) was analyzed by the method described above 0.0338 
gm. of acetone or a 20.6 per cent yield was obtained. With 
225 ce. or nine-elevenths of the distillate the Volatility Curve 
IV in Fig. 1 was obtained, which corresponds to a recovery of 
0.1331 gm. or 52.4 per cent of the butyric acid used. The form 
of the curve shows that some lower fatty acid, probably acetic 
acid, was present. 0.219 gm. of barium carbonate, equivalent 
to 0.047 gm. of carbon dioxide or 4.7 per cent complete oxida- 
tion to carbon dioxide, was obtained. If it is assumed that all 
the carbon dioxide arises by oxidation of butyric acid to carbon 
dioxide and acetone thus: CH;CH:CH2CO.H + O—-CH;COCH3+ 
CO. + H2O, then the carbon dioxide found corresponds to a 
yield of 18.8 ‘per cent for this reaction. 

The acetone obtained (20.6 per cent) and the butyric acid 
recovered (52.4 per cent) account for 73.0 per cent of the butyric 
acid used. The results indicate that much butyric acid was oxi- 
dized in the presence of ammonia. 

When (15), containing potassium hydroxide instead of ammon- 
ium hydroxide, was analyzed in exactly the same way 0.00396 
gm. of acetone or a 2.4 per cent yield was obtained. 0.018 gm. 
of carbon dioxide as barium carbonate was obtained, which cor- 
responds to 1.8 per cent complete oxidation to carbon dioxide. 
With nine-elevenths of the distillate the Volatility Curve V, 
Fig. 1 was obtained which corresponds to a recovery of 0.242 
gm. or 96.8 per cent of the butyric acid used. A small amount 
of lower acids probably acetic was also present as indicated by 
the slight deviations for Fractions 3 and 4. 

The total recovery of butyric acid is 96.8 + 2.4 = 99.3 per cent. 
The results indicate that almost no butyric acid was oxidized in 
the presence of potassium hydroxide. 

From the two preceding experiments, one must conclude that 
ammonium butyrate is nearly 50 per cent oxidized under those 
conditions, while potassium butyrate is not appreciably attacked. 

Influence of Ammonium Hydroxide in the Presence of Potassium 
Hydroxide.—As an interpretation of the results described above 
it might be suggested that in such dilute solutions the ammonium 
butyrate is largely hydrolyzed in comparison with the potassium 
butyrate and that this fact may give the key to the interpre- 
tation. In order to determine if this may be true some experi- 
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ments were done to test the influence of the simultaneous pres- 
ence of potassium hydroxide. On this basis the amount of 
oxidation occurring could be expected to diminish as more potas- 
sium hydroxide was added. 

Experiment 16 was repeated as follows: 

(17). The same as Experiment 16 except that 5 cc. of potassium 
hydroxide (= 0.25 gm. of butyric acid) were added. 

(18). The same as Experiment 16 except that 10 cc. of the same 
potassium hydroxide solution were added. This is double the 
amount of potassium hydroxide necessary to completely neutralize 
the butyric acid used. 

The amount of ammonium hydroxide used was the same in 
both cases as in No. 16. 

The solutions contained 1.50 per cent sili peroxide at 
the beginning. After 92 hours No. 17 contained not over 0.06 
per cent and No. 18 about 0.19 per cent hydrogen peroxide. Ex- 
periment 17 on analysis in the usual way gave 0.0239 gm. or a 
14.6 per cent yield of acetone. Carbon dioxide corresponding to 
0.052 gm. or a 5.2 per cent complete combustion to carbon dioxide 
was obtained. The fractionation of nine-elevenths of the total 
distillate gave the data for the unchanged butyric acid in Curve 
VI in Fig. 1, which corresponds to 0.152 gm. or a 60.8 per cent 
recovery of the butyric acid used. 

No. 18 analyzed in the usual way gave 0.012 gm. of acetone or 


a 7.3 per cent yield. No carbon dioxide was evolved during 


the first distillation as with No. 20 or ammonium hydroxide 
experiments, but about a 6.0 per cent yield of carbon dioxide 
was obtained during the phosphoric acid distillation. The frac- 
tionation of four-fifths of the total distillate gave the data for 
the butyric acid in Curve VII, Fig. 1, which corresponds to 0.216 
gm. or 86.4 per cent of the butyric acid recovered unchanged. 


No. Acetone found. | Butyticacid | KOH used. | NH«OH used. 
per cent per cent ce. ce. 

15 2.4 96.8 20 0. 

18 7.3 86.4 10 20 

17 14.6 , 60.8 5 20 

16 20.0 52.4 0 20 
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These results both for acetone found and for butyric acid 
recovered are intermediate between those of Nos. 15 and 16 as 
shown in the tabulated data. They show conclusively that the 
amount of oxidation taking place is definitely related to the amount 
of potassium hydroxide present when the amount of ammonium 
hydroxide is considerable and constant. 

Influence of NaHCO; on the NH,OH Effect——The question as 
to whether ammonium butyrate plays a special réle in this re- 
action may be tested in another way also. In other experiments 
that will not be described here, it was found that the bicarbonates 
of potassium and sodium catalytically decompose hydrogen per- 
oxide much faster than the hydroxides do, but not so fast as do 
the carbonates and ammonium hydroxide. If the effect of am- 
monium hydroxide is essentially due to this catalytic effect on 
peroxide, then considerable oxidation should take place even 
when the ammonium hydroxide in (16) is partly replaced with 
sodium bicarbonate. Three experiments were cone. 

(19). 5 ec. (0.25 gm.) butyric acid solution. 5 cc. (= 0.25 gm. 
butyric acid) ammonium hydroxide solution. 5 cc. sodium 
bicarbonate (0.028 gm. per cc. of solution). 50 cc. 3 per 
cent hydrogen peroxide. 

(20). Same as (19) except that 10 cc. of sodium bicarbonate 
solution were added. 

(21). Same as (19) except that no bicarbonate was used. 

The results obtained on analyzing the mixtures 45 hours later 
are tabulated below. 


No. me. Acetone yield. Butyric acid recovered. 
gm. per cent gm. per cent 
19 0.16 0.0078 4.7 0.222 88.8 
20 0.28 0.0078 4.7 0.245 97.8 
21 1.52 0.018 11.1 0.211 84.4 


These results show that although the peroxide is nearly com- 
pletely decomposed in (19) and (20) there is even less oxidation 
than in (21) in which there was no excess of ammonium hydroxide 
nor any other compound catalytically active toward peroxide. 
Although only 58 per cent of the amount of bicarbonate, equiva- 
lent to the ammonia and butyric acid, was used in (19), peroxide 
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decomposition was nearly complete, but oxidation was very 
slight. This shows that the strong catalytic effect of ammonium 
hydroxide on peroxide is probably not the only characteristic 
of this compound necessary for catalyzing the oxidation of butyric 
acid. In this respect the behavior of ammonia seems to be spe- 
cific in the same way that that of phosphate is in the case of the 
oxidation of glucose to carbon dioxide with hydrogen peroxide. 
There is, however, one difference in the results as they stand and 
that is that the effect of ammonia can be increased in suitable mix- 
tures with potassium hydroxide as shown in the next section, while 
nothing was tried that stimulates the phosphate effect similarly. 
The Combined E ffect of Ammonium and Potassium Hydroxide.— 
The interpretative experiments in the above section are defective 
as far as suggestiveness for biological conditions is concerned, 
because too much of these bases was used. The experiments 
described below were done in order to extend the above experi- 
ments to smaller amounts of the bases when used simultaneously. 
In these experiments 0.25 gm. butyric acid was used and enough 
potassium hydroxide to neutralize this acid (7.e., 0.159 gm. of 
potassium hydroxide). In all cases 50 cc. of 2.3 per cent hydro- 
gen. peroxide were used. The total volume was 80 cc. The 
results upon analysis after 96 hours at room temperature are 
tabulated below. 


No. Acetone found.| Butytic acid | KOH used. | NH«OH used.| left.* 
per cent per cent ce. ce. per cent 

22 4.0 88.0 5.0 0.0 0.908 

23 17.0 57.6 5.0 5.0 0.153 

24 15.0 61.6 5.0 10.0 0.151 

25 11.8 68.4 5.0 20.0 0.187 


* All contained 1.45 per cent H,O, at the beginning. 


More carbon dioxide was obtained in No. 23 than in any of 
the other experiments but the amount was small in all cases. 
The above experiments were repeated using somewhat differ- 
ent amounts of alkali. Otherwise the conditions were the 


same. 


8 Witzemann, KE. J., J. Biol. Chem., 1920-21, xlv, 1. 
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No. Acetone |Butyric acid! KOH used.| NHsOH | used. | left.* 
per cent per cent ce. cc. cc. per cent 
26 3.2 97.0 5.0 0.0 5.0 1.760 
27 11.3 68 .4 5.0 5.0 0.0 0.646 
28 7.9 87.2 0.0 5.0 5.0 1.085 


* All contained 1.77 per cent H2O:2 at the beginning. 


Because No. 27 contained more available alkali than the others 
the above experiments were repeated as follows and the results 
given below were obtained. , 


No. used. NH.OH | used. | H20: left.* 
per cent per cent cc. ce. ce. per cent 
29 2.3 91.2 10.0 0.0 0.0 1.214 
30 14.8 62.8 5.0 5.0 0.0 0.293 
31 12.8 67 .2 0.0 10.0 0.0 0.658 


* Nos. 29 to 31 contained 1.64 per cent H,O, at the beginning. 


The results of the three sets of experiments show: (1) That the 
loss in peroxide from the solution is greatest in those cases in 
which the most butyric acid disappeared. (2) That the presence 
of one equivalent of ammonium hydroxide is most favorable for 
oxidation when one equivalent of potassium hydroxide is also 
present. (3) That the presence of two equivalents of either 
base is not so favorable for oxidation or for peroxide decomposi- 
tion as the presence of one equivalent of each. (4) That the 
effect of these bases is not proportional to the available alkali 
or the hydroxyl ion concentration. 

The Relative Influence of Sodium Hydroxide upon Butyric Acid 
Oxidation—In the above experiments potassium hydroxide 
came to be used as the alkali instead of sodium hydroxide without 
any reason or intention of discrimination. Normally, sodium 
salts are probably more abundant in biological conditions. Ac-» 
cordingly, it seemed desirable to do a few more experiments on 
the influence of sodium hydroxide upon this oxidation. In the 
six experiments given below 0.25 gm. of butyric acid, 50 cc. of 
3.2 per cent hydrogen peroxide, and the alkali given in the table 
were allowed to react in a total volume of 100 cc. for 5 days at 
room temperature. The results are summarized in the table. 
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Butyric 

Aceto y NaOH NH.OH 

No. | “found ised, |KOH used.) H20 used. | left. 
per cent per cent cc. ce. ce. ce. per cent 

32 22.7 45.2 0.0 10.0 0.0 35 0.340 

33 24.8 48.4 0.0 5.0 5.0 35 0.192 

34 23.0 60.0 5.0 5.0 0.0 30 0.170 

35 16.2 58.0 5.0 5.0 5.0 30 0.153 

36 17.9 59.2 10.0 5.0 0.0 30 0.102 

37 15.0 61.6 0.0 5.0 10.0 30 0.229 


Comparison of the results in (32), (33), and (34) shows that 
the sodium hydroxide is somewhat less active than the potas- 
sium hydroxide when used in conjunction with ammonium hy- 
droxide. This is confirmed by the results in (36) and (37). Other 
unpublished experiments on the influence of these two bases on 
the spontaneous decomposition of peroxide show about the same 
degree of difference in their action, when used in the absence 
of ammonia. 

The results in (34) in which one equivalent of all three bases 
was used stand between (36) and (37), which is to be expected 
if the small difference in their behavior is correct. 

Biologically these results are of interest because they show that 
if under any conditions fatty acid oxidation in the organism 


resembles these oxidations either the potassium or sodium salt of 


mixtures would be attacked with about the same ease in the 
presence of ammonia. 

The results in this section are of especial interest in another 
way because they show that the catalytic influence of ammonium, 
sodium, and potassium as the bases is just the reverse of their 
influence as the phosphates, upon the peroxide oxidation of a 
number of simple organic compounds. Further experiments 
upon mixtures will be done in developing these unpublished 
results on phosphates. 

Partial Interpretation.—The experiments in the preceding 
section bring out a number of facts concerning the interpreta- 
tion. (a) The ammonium and potassium butyrates here under 
consideration are the salts of a weak and a strong base, respec- 
tively, with a weak acid. At these dilutions there would be con- 
siderably more free butyric acid produced by hydrolysis when 
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ammonia only is used. That this free acid is not the only sig- 
nificant factor in the catalysis is shown by the fact that the simul- 
taneous presence of both bases promotes the greatest oxidation. 
(b) That the mere presence of many butyrate ions does not de- 
¢ermine the oxidation, is shown by the fact that in the presence 
of ammonium hydroxide alone, in which, of all the experiments, 
there is the smallest concentration of butyrate ions, the oxida- 
tion proceeds much faster than when potassium hydroxide only 
is used where the butyrate ion concentration is greatest. (c) 
That the butyrate molecules do not determine the oxidation is 
shown by the fact that oxidation is slowest where the concentra- 
tion of these is greatest; namely, in the solutions containing potas- 
sium hydroxide alone. (d) That the capacity to decompose 
peroxide spontaneously may be a factor is suggested by the fact 
that potassium decomposes peroxide much more slowly than 
ammonium hydroxide. That this is not the sole factor is shown 
by the experiments with sodium bicarbonate which decomposes 
peroxide well but does not facilitate these oxidations. (e) The 
concentration of the hydroxyl ion has no definite relation to 
the velocity of the oxidation as observed with these three bases. 

The known facts about these oxidations are not yet sufficient 
for a satisfactory interpretation. The statements given in the 
next two paragraphs suggest a partial interpretation. 

The oxidation of butyric acid in the presence of ammonia de- 
scribed above may belong to the so called “coupled” or induced 
oxidations. The formation of a peroxide of ammonia may 
represent one phase of this coupling. That such a peroxide of 
ammonia may be obtained under suitable conditions was shown 
by Melikoff and Pissarjewski.’ If this peroxide is the intermediate 
concerned it is much more unstable than the peroxide of potas- 
sium since when equal concentrations of the two bases are placed in 
solutions of hydrogen peroxide the ammonium hydroxide decom- 
poses the peroxide much more rapidly than the potassium hy- 
droxide does.. The conceptions of an ideal catalyst and the theory 
of dislocation of Béeseken!® offer a concrete partial interpreta- 
tion of this part of the effect of ammonia. According to this 


9 Melikoff, P., and Pissarjewski, L., Ber. chem. Ges., 1897, xxx, 3144. 
10 Boeseken, J.. Kon. Akad. Wetensch. Amst. Versl., 1914-5, xxiii, 291; 
Rec. trav. chim. Pays-Bas, 1920, xxxix, 622. 
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view of catalysis that catalyst will be best which has the greatest 
tendency to form the least stable complex with the substrate. 

If it is granted that the data justify this much of an interpre- 
tation for the interaction of ammonia and peroxide they fail to 
indicate how such a complex activates the oxidation of butyric 
acid. Sweeping hypotheses on this subject would be undesirable, 
especially in view of the fact that equally anomalous data are 
already in hand showing that when these bases are used as phos- 
phates the effects on the oxidation of butyric acid are quite 
different. 

Possible Biological Significance of the Ammonia Effect. — The 
experiments showed that butyric acid, whether free or combined 
with sodium or potassium, is peculiarly susceptible to oxidation 
by peroxide when ammonia is also present, and that under these 
conditions relatively little carbon dioxide but much acetone is 
obtained. This high degree of acetone formation depends upon 
the simultaneous presence and the interaction of ammonia, per- 
oxide, and butyric acid. Without entering into details it would 
seem that these three components play an active role in metabo- 
lism, particularly in the hepatic metabolism, and that acetone 
as acetoacetic acid is also formed in this organ. It will be recalled, 
for instance, that Embden and Kalberlah" found that the liver 
is the only organ that, on perfusion in the surviving state with 
normal blood, gives acetoacetic acid. Moreover there is in the 
liver an active traffic in ammonia equivalents involved in, 
its important deaminizing and urea-forming functions. That 
it can actually supply this component of this reaction system 
better than other organs has recently been brought out by experi- 
ments of Keeton” of this laboratory, who found, in harmony with 
old observations, that when an inorganic acid is administered by 
stomach to dogs it is partially excreted as the ammonium salt, 
and causes an increase in the urinary ammonia nitrogen, both 
relative and absolute. When, however, the acid is injected into 
a peripheral vein, although it may cause some absolute increase 
of the urinary ammonia, it causes little or no increase in the quan- 


11 Embden, G., and Kalberlah, F., Beitr. chem. Physiol. and Path., 1906, 
viii, 121. Embden, G., and Engel, H., Beitr. chem. Physiol. u. Path., 1908, 
xl, 323. 

12Keeton, R. W., J. Biol. Chem., in press. 
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tity of ammonia nitrogen relative to the total nitrogen. This 
difference in the behavior of acid administered by the portal and 
the peripheral routes, respectively, is interpreted as due to the 
fact that ammonia is an available base in the liver and enters 
into the neutralization of acid when the acid is neutralized in 
the liver, but plays little part in the neutralization of acids else- 
where in the body. 

It may not seem amiss to suggest, since the same type of oxi- 
dation as that observed in the above described test-tube experi- 
ments is known to occur in the liver in a high degree, that this 
oxidation in the liver may possibly be favored as in the test-tube 
by ammonia. 

The question has long been discussed as to whether the forma- 
tion of acetoacetic and 6-hydroxybutyric acids in the body rep- 
resents a purely abnormal type of fatty acid oxidation, that 
only occurs under certain conditions (as in diabetic acidosis, etc.) 
or whether it is a step in the normal oxidative breakdown of the 
fatty acids, having an even number of carbon atoms, which is 
obscured in health because of the rapid occurrence of subsequent 
events. The first view would make acetoacetic acid an abnormal 
product, the latter would make it a normal product, which in ac- 
idosis of the diabetic type fails to break down further. Neu- 
bauer? in his well known study of the breakdown of the fatty and 
amino-acids favored the view that the formation of acetoacetic¢ 
acid is a normal step. 

The above experiments and discussion would tend to favor 
the view that the formation of acetoacetic acid may be considered 
as a normal step in the oxidation of fatty acids, in harmony with 
Neubauer’s conception, and particularly in media in which am- 
monia is available. Moreover the special occurrence of this 
type of oxidation in the liver might possibly be brought into 
relationship with the special availability of ammonia in this 
organ, it being less characteristic of the oxidation of fatty acids 
elsewhere in the body, where relatively less ammonia is available. 
According to this line of thought a certain special physiological 
function of the body, namely its power to form acetoacetic 
acid, would be associated with a special characteristic of ammonia 


13 Neubauer, O., Deutsch. Arch. klin. Med., 1908-09, xev, 211. 
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or its equivalent and the suggestion would follow that where 
acetoacetic acid is formed in the body ammonia may be present and 
acting in this characteristic way. The problem of why in health 
the evidence of acetoacetic acid formation is suppressed, 7.e. the 
problem of “antiketogenesis’’ (or “ketolysis”’) is clearly another 
matter. 


SUMMARY. 


Experiments were performed with the object of determining 
the reason for the difference in the results obtained in the oxida- 
tion of butyric acid with hydrogen peroxide in the presence of 
different alkaline substances. 

In the presence of potassium hydroxide in amounts varying 
from 0.20 to 4.0 equivalents no appreciable oxidation of butyric 
acid took place, as was proved by the almost quantitative re- 
covery of the unchanged acid. 

In the presence of ammonium hydroxide in amounts varying 
from 0.20 to 10.0 equivalents much oxidation took place. 

The amount of oxidation in the presence of ammonia was found 
to increase with increase in the ammonium hydroxide, other 
things being equal, until more than 4.0 equivalents of ammonium 
hydroxide were present, after which it decreased somewhat. 

This decrease with large excess of ammonium hydroxide was 
due to the spontaneous liberation of oxygen by the action of am- 
monium hydroxide on the hydrogen peroxide, before it could be 
utilized in oxidation. 

If one equivalent of both ammonium hydroxide and potassium 
hydroxide is used more oxidation takes place than if two equiv- 
alents of either of these bases are added. 

The type of oxidation observed in these experiments was mainly 
of the 8 type or the conversion of butyric acid into acetone and 
1 molecule of carbon dioxide. Consequently the statement in 
the above paragraph is equivalent to saying that the presence 
of ammonia in a solution containing potassium butyrate and 
hydrogen peroxide catalyzes the oxidation of butyric acid to 
acetone and carbon dioxide. 

The additive effect of ammonium and potassium here described 
in favoring oxidation constitutes a chemical analogy to the bio- 
logical effects of certain mixed salts. 
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The experiments on the additive effects of sodium and ammon- 
ium show that this pair acts nearly the same as potassium and 
ammonium. There is just enough difference in the behavior of 
potassium and sodium to constitute a confirmation of unpublished 
observations of specific effects of these bases as phosphates. 

A few suggestions for a partial interpretation were made. It 
is clear, however, in this case, as in the phosphate effect on glu- 
cose previously reported, that the réle of alkalinity and alkali 
is not primary in this oxidation. A satisfactory interpretation 
is particularly desirable in view of the possible biological signifi- 
cance of the results. 

Finally in discussing the possible biological significance of 
these results it is suggested that the ammonia effect here de- 
scribed may be the agency by which the normal oxidation of fatty 
acids is brought about in the liver. This suggestion rests upon 
the fact that in the liver the substances required for this effect 
are all available and that this organ also normally shows the 
greatest tendency to form acetoacetic acid. 
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ANTIKETOGENESIS. 


III. CALCULATION OF THE KETOGENIC BALANCE FROM THE 
RESPIRATORY QUOTIENTS. 


By PHILIP A. SHAFFER. 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, St. Louis.) 


(Received for publication, August 29, 1921.) 


In the first paper of this series (1) it was shown that the oxida- 
tion of glucose by hydrogen peroxide in alkaline solution brings 
about the rapid disappearance of acetoacetic acid if the latter be 
present; and this ‘‘ketolytic’”’ reaction was described as an in 
vitro analogy to the well known ‘‘antiketogenic”’ effect of food 
carbohydrate in preventing or abolishing the appearance of the 
‘acetone bodies”’ as metabolic end-products in man. Ina second 
paper (2) the attempt was made to calculate the metabolic mixture 
of different subjects, in terms of the relative molecular amounts 
of all substances which are convertible in the body into aceto- 
acetic acid and its related acetone and hydroxybutyric acid 
(ketogenic substances), and of all substances which are conver- 
tible into glucose and have an opposing, antiketogenic action. The 
calculation was based upon certain assumptions, some of which 
have experimental justification while others are of the nature of 
first trial guesses. The main assumptions are the following: 

1. Each molecule of fat is convertible into (a) 3 molecules of 
acetoacetic acid and (b) 0.5 molecule of glucose, or its equivalent 
of antiketogenic derivative. 

2. Protein is convertible, (a) into antiketogenic glucose or its 
equivalent to the extent of 3.6 gm. for each gm. of urine nitrogen 
and (b) into acetoacetic acid for each molecule of leucine, phenyl- 
alanine, and tyrosine, it being calculated that each gm. of urine 
nitrogen corresponds to approximately 10 millimols of ketogenic 
substance. (c) The amino-acids, valine, lysine, histidine, and 
tryptophane are neutral as to ketogenesis. 
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| 3. Carbohydrate exerts its antiketogenic action in the form of 
; glucose or other hexose, 1 gm. of which is therefore equivalent to 
§ (1,000--180=) 5.56 millimols of antiketogenic substance. 

In the paper referred to, the calculation of the metabolic mix- 
ture was made on subjects under such conditions as to permit 
the additional assumptions, that the amount of carbohydrate 
burned was the amount fed, and that the fat catabolized was 
represented by the difference between the estimated total calories 
and the sum of the calories from carbohydrate and protein, the 
protein being indicated by the nitrogen excretion. 

Such a calculation of the total ketogenic and antiketogenic 
re substance in the metabolic mixture being oxidized by a number 
i. of different subjects appeared to show that definitely abnormal 
ia amounts of acetone bodies first appeared when the molecular ratio 
q of ketogenic to antiketogenic substance exceeded 1:1. This fact 
is interpreted as indicating that the avoidance of the appearance 
f of the acetone bodies is due to the ‘‘ketolytic’” decomposition of 
| acetoacetic acid as fast as it is formed, by its reaction with a 

product of glucose oxidation (or related substance from certain 

: amino-acids and from glycerol), there being for this purpose 
nearly always in normal subjects on ordinary diets an abundance 
4 of glucose and other antiketogenic derivatives undergoing catabo- 
a lism. Whenever the rate of production of ketolytic material 
falls below the rate of the catabolism of ketogenic substances 
as happens when the normal subject greatly reduces the carbo- 
hydrate intake, and in the diabetic when his power of metaboli-~ 
zing carbohydrate is sufficiently low, there is a deficit of ketolytic 
substance and in proportion to this deficit, acetoacetic acid 
accumulates, is in part converted into acetone and hydroxy- 
butyric acid, and in the three forms is excreted as abnormal end- 
products. 

According to this conception the starvation acidosis of any 
subject and the often more severe acidosis of diabetes are alike 
i the result of, and in proportion to the unusual ratio between the 

rates of the catabolism of ketogenic substance on the one hand, 
: and of the formation of the necessary ketolytic substances on the 
other. 

It is the purpose of the present paper to describe another 

method of making a similar calculation of the metabolic mixture 
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and of the ketogenic-antiketogenic balance, from the respiratory 
exchange; and to show that this second method yields results 
which are in harmony with the conclusions above stated. 


The significance of the respiratory quotient in metabolism ex- 


periments with man and animals is that it permits the calcula- 
tion of the relative amounts of the foodstuffs being oxidized at 
a given time. In the Zuntz method, elaborated by Loewy (3) 
and extensively used by Lusk, Du Bois, Benedict, and others, 
the calculated amounts of oxygen and of carbon dioxide corre- 
sponding to the protein (the urine nitrogen), is subtracted from 
the total oxygen consumed and the total carbon dioxide exhaled; 
the remainders represent the metabolism of fat and carbohydrate 
and the ratio of the volumes of these gases is the ‘‘non-protein 
respiratory quotient” which by interpolation between the theo- 
retical respiratory quotients indicates the proportion of fat to car- 
bohydrate being burned. This method aims to divide the total 
metabolism into three fractions, of protein, fat, and carbohydrate. 
For our purposes it is necessary to divide the total somewhat 
differently; viz, into (a) total glucose (or equivalent antiketogenic 
substances) including glucose from amino-acids and from glycerol] 
of fat, (b) fatty acid (ketogenic), and (c) the ketogenic fraction 
of protein. ' 

The principle of our calculation is briefly as follows. It is 
assumed that in the normal subject as well as in the diabetic, 
glucose (or equivalent substance) is formed from protein to the 
extent of 3.6 gm. for each gm. of nitrogen and as such is to be 
included in the carbohydrate metabolism. The remainder of 
the protein, which may be called the non-carbohydrate quota 
of protein, is assumed to be oxidized parallel with the nitrogen 
excretion. While the latter assumption is perhaps not always 
correct, the error is less than results from the assumption that the 
whole of the protein is concurrently oxidized. 

The oxygen and carbon dioxide corresponding to the non-car- 
bohydrate quota of protein are subtracted from the total O2 and 
CO,; the remainders represent the oxidation of total glucose 
(from carbohydrate, protein, and glycerol) and of fatty acid. 
Their ratio, which is the ‘‘fatty acid-total glucose respiratory 
quotient,”’ interpolated between the theoretical quotients for 
fatty acid and for glucose shows the relative participation of 
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fatty acid and glucose in the mixture being burned. Finally 
a correction is made for the ketogenic fraction of protein. 

The details of the calculation are given below. 

Protein Metabolism.—The calculation of Loewy (3) is taken 
as the basis, and from these data are subtracted the COs, Os, 
and calories corresponding to the metabolism of the glucose 


derivable from protein.! 


|» 
gm. gm. gm. gm, 
100 gm. of meat protein contain........ 52.38 | 7.27 |22.68 |16.65 [563.09 
Of which there appear in urine......... 9.406] 2.663/14.099)16.28 131.46 
1.471] 0.212] 0.889) 0.37 
Remainder oxidized in body............ 41.50 | 4.40 | 7.69 | 0 


With production of..152.17 gm. CO, 39.6 gm. H,O, and 431.63 calories. 
Which requires...... 138.18 gm. additional O2 
16.28 gm. of urine nitrogen are thus equivalent to 

152.17 gm. CO, = (X 0.5089) = 77.4387 liters CO, 

138.18 gm. O. = (X 0.6998 ) = 96.694 liters Oz 


CO: O. 
gm. liters gm. liters 
or 1 gm. of urine nitrogen is equiv- 

9.47 | 4.757) 8.488} 5.939} 26.51] 0.801 
From 3.6 gm. of glucose..... ed 5.28 | 2.687) 3.84 | 2.687] 13.54} 1.000 
Non-carbohydrate quota of pro- 

tein forl gm. ofurineN......... 4.067} 2.07 | 4.648) 3.252) 12.97/0.6365 


The values given in the last line, multiplied by the nitrogen 
excretion during the period, are subtracted from the respective 
respiratory data, and the ratio of the remainders of CO2 and Oz 
is the ‘‘fat-total glucose respiratory quotient.’”’ One may de- 


1 This step in the calculation, the correction for the non-carbohydrate 
quota of protein, is substantially that described by Magnus-Levy (4) and 
by Lusk (5) for the theoretical non-protein respiratory quotient in ‘‘total’’ 
diabetes. It is applicable, however, to data from any subject. <A few of 
our data differ very slightly from those of Loewy and Lusk because of the 
choice of slightly different values for the weights of a liter of COz and Ox, 
and for the heat of combustion of glucose. 
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termine from this quotient the percentage of calories from fat 
and of calories from carbohydrate by reference to the table pre- 
pared by Lusk (6)? or the relative amounts (in calories) of glucose 
(including glycerol) and of fatty acids, and the molecular ratio 
of their mixtures may be learned from Table II. 

The derivation of the data in this table requires explanation. 
The oxidation of 1 gm. molecule (180 gm.) of glucose, the res- 
piratory quotient for which is 1.000 requires 192 gm. of O2 and 
produces 264 gm. of CO, and 3.762 X 180 = 677.2 calories. 
The caloric value of oxygen for the oxidation of glucose (at R. 


Q. of 1.000) is therefore: 


677.2 
1 liter of O. = 192 X< 0.6998 ~ 5.040 calories. 


Fatty Acid—We have assumed a certain arbitrary mixture 
of olein, palmitin, and stearin as representing a probable average 
body fat and from this have calculated the respiratory quotient 
of the contained fatty acids, in order to exclude the glycerol.’ 


2 Used in this way, the above procedure has the advantage over the usual 1! 
method of calculating the ‘‘non protein R.Q.’’ in that it avoids the errone- 
ous assumption that all of the carbon of protein is oxidized concurrently 
with the excretion of nitrogen. Not only is it advantageous in severe 
diabetes, when a large part of the protein is not oxidized, and for which 
Lusk uses a special method of calculation, but in also many other circum- 
stances, well illustrated by the high protein experiments of Williams, Riche, 
and Lusk (8) in which the protein calories corresponding to the nitrogen 
excretion even exceeded the total heat produced. 

3’ Although it is not known at what stage glycerol is split off from the 
fatty acids, it seems probable that the split occurs before the oxidation 
of the carbon atom beta to the carboxyl. When the split occurs it is likely 
that the glycerol is oxidized to a substance which is either condensed to 
glucose or further oxidized. Free glycerol is known to be convertible into i 4 
glucose in the body, and although direct evidence is lacking as to the fate | 
of glycerol in the form of esters or glycerophosphoric acid, it is for the a 
present assumed that it takes the same course. If, as is commonly sup- iE 
posed, the phosphatides represent a stage in the catabolism of fats, the iF 
possibility is suggested that it is the third molecule of fatty acid, replaced | : 
by phosphoric aéid, which is first oxidized, and that final oxidation of the H 
others occurs only as they are split off from the phosphatide molecule. 4 
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H O 
Olein, Csz Hios Oc, 70 molecules................ 3,990 | 7,280 420 
Palmitin, Cs: Hos Oc, 15 molecules............. 765 | 1,470 90 
Stearin, Csz Hiro Oc, 15 molecules.............. 855 | 1,650 90 
Sum, 100 5,610 | 10,400 600 
Multiply by atomic weights.................... 67,320 | 10,483 | 9,600 


Average molecular weight = 874 
Of average percentage composition, 77 per cent C, 11.9 per cent H, 11.1 
per cent O 


The respiratory quotient for the complete oxidation of this mixed fat 
would be as follows: 
Os + 79.1 = 56.1 CO; + 52 H,O 


56.1 CO, 
79.1 Oz 


0.709 


874 gm. (1 gm. molecule) of such a mixed fat would yield 

56.1 XK 44 = 2,468.4 gm. of CO, and would require 79.1 XK 32 = 2,531.2 
gm. of O2; or 1 gm. of fat would be equivalent to 2.824 gm. of CO, and to 
2.896 gm. of O.. These values are very similar to those of actual analyses 
as shown in Table I. 


TABLE I. 
Oxidation of 1 gm. 
C H O of fat. R.Q 

CO: O2 

per cent | per cent | per cent gm. gm. 
76.5 11.9 11.6 2.805 | 2.876 0.710 
Human fatf.......... 76.1 11.8 12.1 2.790 | 2.845 | 0.713 
Mixed fat............ 77.0 11.9 11.1 2.824 | 2.896 | 0.709 


* Lehmann, C., Mueller, F., Munk, I., Senator, H., and Zuntz, N., Vir- 
chows Arch. path. Anat., 1893, cxxxi, suppl., 131. 

Tt Zuntz, N., Arch. ges. Physiol., 1897, Ixviii, 201. 
t Zuntz, N., and Loewy, A., Lehrbuch der Physiologie des Menschen, 
Leipsic, 2nd edition, 1913, 644. 
But if this mixed fat be converted into fatty acid and glucose (from glyc- 


erol) the following amounts would be formed. 
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From 100 molecules of fat: 
70 mol olein — 210 mol oleic acid 


15 mol palmitin — 45 mol palmitic acid 3 7890 | 7.140 420 

15 mol stearin 45 mol stearic acid . 
720} 1,440 90 


300 mol fatty acid, 
average = C,7.7H3,02 molecular 


810 | 1,620 90 


300 600 300 
5,610 | 10,400 600 
Added.......... 400 300 


The reaction may be written as follows: 
(1) 100 mols fat + 300 mols H.2O + 50 mols O. — 50 mols glucose 
(100 X 874 gm.) (50 X 180 gm.) 
+ 300 mols fatty acid + 100 mols H,0 
(300 X 278 gm.) 
If the fatty acid be then oxidized, 
(2) 300 mols fatty acid + 7,560 mols O, — 5,310 mols CO; + 5,100 mols HO 
The respiratory quotient for the complete reaction, oxidizing the fatty 
acids and converting the glycerol into glucose, would be 
; 5,310 CO, 
7,560 +500, 
In the above reaction the heat liberated is 
874 gm. fat X 9.461 calories (3) = 8,269 calories 
Deduct 90 gm. glucose = 338.6 
7,930.4 
The caloric value of a liter of oxygen, when the fatty acid of fat is oxidized 
and the glycerol converted to glucose (at R.Q. 0.698) is therefore 
7,930 
(75.6 + 0.5) X 32 gm. X 0.6998 
It may be further calculated that in undergoing this reaction 1 gm. of fat 
(containing 278 X 3 + 874 = 0.9542 gm. of fatty acid) liberates 7,930 + 874 
= 9.074 calories and accordingly 1 gm. of fatty acid furnishes 9.509 calories.‘ 


4 This figure includes also the heat involved in the hydrolysis of the glyc- 
eride and in the conversion of glycerol to glucose. 
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TABLE II, 


III 


Respiratory Quotients for Total Glucose and Fatty Acid. 


From the total CO2 and O, subtract amounts corresponding to the metab- 
olism of the non-carbohydrate quota of protein during the respiration 


period. 
CO2 Oz Calories. 
gm, liters gm. liters 
Non-CH quota of pro- 
tein for1 gm. of urine N. 4.067 | 2.07 4.648 3.252 12.97 
logs |= .60927) .31597 | .66727 | .51215 . 11294 


1 gm.=0.5089 liter 
log = .70662 


1 gm. =0.6998 liter 


log = .84497 


The remainders represent the metabolism of fatty acid and glucose and 
their ratio (in liters) is the ‘‘fatty acid: glucose respiratory quotient.’’ 


glucose respiratory : burned 
quotient. Fatty acid, 
Calories. | Logarithm.| Glucose. | Fatty acid. Glucose 
(1) (2) (3) (4) (5) (6) 
0.698 4.653 66777 0 100.0 
0.70 4.656 66801 0.7 99.3 36.8 
0.71 4.669 66922 4.0 96.0 6.2 
0.72 4.682 67043 7.3 92.7 3.2 
0.73 4.695 67164 10.6 89.4 2.17 
0.74 4.707 67274 13.9 86.1 1.6 
0.75 4.720 67394 17.2 82.8 1.24 
0.76 4.733 67514 20.5 79.5 1.01 
0.77 4.746 67633 23.8 76.2 0.83 
0.78 4.758 67742 27.1 72.9 0.70 
0.79 4.771 67861 30.4 69.6 0.60 
0 80 4.784 67979 33.6 66.4 0.52 
0.81 4.797 68097 37.0 63.0 0.44 
0.82 4.810 68215 40.4 59.6 0.39 
0.83 4.823 68332 43.7 56.3 0.34 
0.84 4.835 68440 47.0 53.0 0.28 
0.85 4.848 68556 50.3 49.7 0.25 
0.86 4.861 68673 53.6 46.4 0.22 
0.87 4.874 68789 56.9 43.1 0.19 
0.88 4.887 68904 60.2 39.8 0.17 
0.89 4.899 69011 63.5 36.5 0.15 
0.90 4.912 69126 66.8 33.2 0.13 
0.91 4.925 69241 70.2 29.8 0.11 
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TABLE II—Concluded. 


i 
Fatty acid: Caloric 1 liter Per cent of calories from 
glucose respiratory burned. 
quotient. Fatty acid. 
Calories. | Logarithm. Glucose. | Fatty acid. Glucose 
(1) (2) (3) (4) (5) (6) 
0.92 4.938 69355 73.5 26.5 0.093 
0.93 4.950 69461 76.8 23.2 0.078 
0.94 4.963 69574 80.1 19.9 0.065 
0.95 4.976 69688 83.4 16.6 0.052 
0.96 4.989 69801 86.7 13.3 0.039 
0.97 5.001 69906 90.0 10.0 0.029 
0.98 5.014 70018 93.3 6.7 0.019 
0.99 5.027 70131 96.7 3.3 0.009 
1.00 5.040 70245 100.0 0.0 


The data above calculated for the theoretical respiratory 
quotients of fatty acid and of glucose and the corresponding ca; 
loric values of oxygen are given in Table II, together with inter- 
polated values between the extremes. Corresponding to each 
quotient, in Columns 4 and 5 are given the percentage of the total 
fat-glucose calories derived from glucose and from fatty acid. 

From the latter figures one obtains the relative molecular amounts 
of each, that is their molecular ratio, by multiplying each ‘per- 
centage, by the corresponding fraction of a molecule of fatty 
acid and of glucose which is equivalent to 1 calorie, and dividing 
the product for fatty acid by the product for total glucose. In 
accordance with the assumption that each molecule of fatty acid 
gives rise to 1 molecule of acetoacetic acid, and that each mole- 
cule of glucose is equivalent to 1 of antiketogenic substance, the 
ratio as above obtained is the ketogenic-antiketogenic ratio 
(Column 6) except that it does not include the ketogenic value of 


protein. The latter, however, may be included very simply, © 


since the ketogenic value corresponding to 1 calorie from protein 
proves to be almost exactly the same as the ketogenic value 
corresponding to 1 calorie from fatty acid; and the percentage of 
calories from (total) protein may therefore be added and calcu- 
lated with the fatty acid calories. The values in question are 
stated below. 
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Calories. 
glucose). 
Protein, 1 gm. urine nitrogen =.............. 26.5 10 20 
Each calorie from protein =................. 0.377 | 0.755 
Each calorie from fatty acid =......... Satie 0.378 | O 
Each calorie from glucose =................. 0 1.478 


F. A. (or moan 

calorie = (0.377) Ketogenic 
: — ratio. 
ntiketogenic tor) Antiketogenic 


° A 

te Per cent of calories from 1 aaa 

ig x of 1 glucose calorie 
= (1.478) 


fatty acid + percent of ] X 


Ketogenic value of 1 
calories from protein 


(“ cent of calories at 


ie It is convenient to treat the second factors in numerator and denomi- 


77 
= 0.255. 


t tel ingle fraction 
nator separately as asing 


As examples of the complete calculation of data of individual 
experiments the following may be given. 


(1) Urinary nitrogen excretion per minute = 12.7 mg. 


CO2 O2 R. Q. 
ce. cc. 
From fat and C H, including glucose from pro- 


0.271 liters O2 X 4.733 calories (at R.Q.0.76).. = 1.284 calories per minute 
from fat and C H, including glucose from 


protein. 
Non-C H quota of protein, 0.0127 gm. N per 


0.0127 gm. X 26.5 = 0.336 calories from total protein. 


i 
2. 


+ 
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| 
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—— X 100 = 23.2 per cent of total calories from protein. 


0.760 ‘‘F.A.-G. R. Q.”’ corresponds to 79.5 per cent of F.A.—G. calories 
from fatty acid, and 20.5 per cent of F.A.-G. calories from total glucose. 


0.255 = 1.28 ketogenic ratio. 
20.5 
(2) Urinary total nitrogen per minute = 14.2 mg. 
CO:2 O2 R.Q. 

From fat and C H, including glucose from pro- 

278 liters O2. X 4.758 calories (at R.Q. 0.78) = 1.323 
0.0142 gm. N X 12.97 calories = 0.184 
Total calories per minute = 1.507 
0.0142 « 26.5 = 0.376 calories from total protein. 
0.376 
1.507 xX 100 = 24.9 per cent from total protein. 


0.780 F.A.-G.R.Q. indicates 72.9 per cent fatty acid calories and 27.1 per 
cent total glucose calories. 


72.9 + 24. 
oa : X 0.255 = 0.92 ketogenic ratio. 


The above calculation, which is rather tedious when applied to 
many data, is fortunately not necessary to obtain the information 
which it yields. It so happens that the two corrections involved; 
(a) the increase in the R. Q. from the glucose quota of protein and 
the consequent effect in lowering the ratio, and (b) the effect 
of the ketogenic influence of protein in raising the ratio, although 
not equal, are in opposite directions, and one may get almost the 
same result by ignoring the protein and calculating the total 
R. Q. as though only fatty acid and glucose were being burned. 
In this way almost all calculation is avoided. In Table III the 
ratios so obtained from the total R. Q. (in Column 2) are compared 
with the ratios corrected as above illustrated for both effects 
of protein, when the protein metabolism amounts to 10, 15, 
20, and 25 per cent of the total energy exchange. From this 
comparison it is evident that, considering the technical difficulty 
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in exact and reliable determinations of respiratory quotients, 
the ketogenic ratios obtained directly from the total respiratory 
quotients are probably as nearly correct as can be-expected from 
data of this character. We shall, therefore, in the following analy- 
sis of experimental data use only the total R. Q.; although it 
may be stated that we have also made the fully corrected calcula- 
tions on nearly all of the data presented. 

Perhaps it may be also explained that while the foregoing 
somewhat lengthy method of calculation of the ketogenic ratio 
from respiratory data is being abandoned as unnecessary, the 
short cut is permissible only because of the longer analysis of 
the underlying considerations. 


TABLE III. 
Ketogenic Ratios and Respiratory Quotients at Different Levels of Protein 
Metabolism. 
10 per cent 15 per cent 20 per cent 25 per cent 
protein calories./protein calories.|protein calories.|protein calories. 

Total R. Q. ‘ 
“Tablet.” |r.a.-c ted Ratio Ratio Ratio 

R K R R. R.Q. A 

A 

. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

0.72 3.2 0.726) 2.7 | 0.728) 2.65 | 0.731) 2.6 | 0.734) 2.4 
0.73 2.17 0.736) 1.96 | 0.739) 1.9 | 0.742) 1.85 | 0.746) 1.78 
0.74 1.6 0.746; 1.5- | 0.750) 1.44 | 0.753) 1.43 | 0.756} 1.42 
0.75 1.24 0.757; 1.18 | 0.761) 1.18 | 0.765) 1.12 | 0.768) 1 14 
0.76 1.01 0.767; 0.98 | 0.772) 0.94 | 0.777) 0.93 | 0.780) 0.92 
0.77 0.83 0.778) 0.82 | 0.782} 0.80 | 0.788} 0.78 | 0.791) 0.80 
0.78 0.70 0.788; 0.70 | 0.792) 0.70 | 0.799) 6.68 | 0.802) 0.69 
0.79 0.60 0.80 | 0.59 | 0.804) 0.59 | 0.810) 0.57 | 0.813) 0.60 
0.80 0.52 0.811) 0.5 | 0.816} 0.50 | 0.821); 0.5 | 0.827) 0.50 
0.81 0.44 0.821) 0.43 | 0.826) 0.44 | 0.832) 0.43 | 0.838) 0.44 


According to the data in Table III a total respiratory quotient 
of 0.76 indicates the oxidation of a metabolic mixture made up of 
approximately equimolecular amounts of ketogenic substances 
(fatty acids or ketogenic amino-acids), and of antiketogenic derivatives 
of amino-acids, glycerol, or carbohydrate, expressed in terms of 
glucose. Expressed in the same terms, a respiratory quotient 
of 0.73 indicates approximately 2 molecules of ketogenic to 1 
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of antiketogenic substance in the mixture; while a quotient of 
0.80 indicates only 0.5 molecule of ketogenic to 1 of antiketogenic 
glucose equivalent. 

With these values in mind we may inspect any respiratory data 
and provided we assume that the latter are truly representative of 
metabolic reactions, the ketogenic ratio of the subject may be 
determined. The question we have attempted to answer is: 
What is the ratio at the time when definitely abnormal but small 
amounts of acetone bodies first appear in blood, urine, or breath? 

After an examination of many experiments by others as well 
as by ourselves there appears to be no doubt that the mixture 
in all subjects, at the threshold of ketonuria is, according to res- 
piratory data, that which corresponds to equimolecular mixtures 
of ketogenic and antiketogenic substances, the latter being calculated 
an terms of glucose equivalents. This is the same conclusion as 
that reached by a different method of analysis described in the 
earlier paper. | 

In the application of the foregoing calculation to experimenta 
results it is essential that the respiratory data be accepted as 
reliable and as indicating the actual oxidation in the tissues; 
and our experience in this labogatory has fully impressed us with 
the dangers in assuming that this is so. A large number of ob- 
servations with both Benedict unit spirometer apparatus and 
with large spirometers and gas analysis have been made on normal 
subjects by the writer and associates, and on hospital patients 
by my colleague, Dr. Olmsted, and while many of our results are 
consistent and probably correct, the R. Q. often varies in consecu- 
tive periods and for that reason is perhaps questionable; and it 
seems preferable to choose for this first analysis results from other 
laboratories, the accuracy and reliability of which are least open 
to question. Our own experiments will be reported in later papers. 


Fasting Normal Subject “L” of F. G. Benedict (9). 


The observations on this subject from the Carnegie Nutrition 
Laboratory are well known and require no comment. In Table 
IV are given the various total respiratory quotients of the sub- 
ject, before, during, and immediately after the long fast. On 
the 2nd fast day the subject excreted 0.5 gm. of hydroxybutyric 
acid, and on the following days the amount varied from 1.4 to 
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7.0 gm. On the Ist and 2nd days after the resumption of food 
0.8 and 0.5 gm. were excreted. The lst and 2nd days of fast 
and the days after taking food may therefore be taken as the 
border-line of ketosis. It is evident from the table that acetone 
bodies first appeared when the R. Q. reached 0.75 or 0.76, and were 
disappearing when, after food, it reached 0.79 or 0.80. A _ re- 
spiratory quotient of 0.76 corresponds to a ketogenic ratio of about 


TABLE IV. 
Respiratory Quotients and Ketogenic Ratios of Fasting Subject ‘‘L.’’ 
F. G. Benedict (9). 


Total R. Q. 
Table 50, p. 345. Total Hydroxy- 
Dae | ped. | | emia 
eter, | *Ppara- day, A | Table 38, 
night. | rorning. p. 396 p. 283. 
Apr. 10-11 | Food. 0.81 | 0.81 |} 0.81 0.4 
11-12 0.88 | 0.89 | 0.885 0.16 
“12-13 0.86 | 0.89 | 0.875 0.18 
“ 13-14 0.81} 0.82 | 0.815 0.4 
ae Fast 1 0.78 | 0.78 | 0.78 0.765 | 0.9 
0.75 | 0.79%] 0.77 0.755 | 1.4 0.5 
0.73 | 0.75 | 0.74 0.748 | 1.5 2.1 
0.74 | 0.75 | 0.745 | 0.73 2.2 3.5 
0.75 | 0.77 | 0.76 0.72 3.0 2.1 
0.68 | 0.74] 0.71 0.72 3.0 3.5 
0.71 | 0.75 | 0.73 0.73 2.2 2.8 
0.73 | 0.74 | 0.735 | 0.734] 1.9 1.6 
0.75 | 0.75 | 0.75 0.725 | 3.5 
“ 10 0.72} 0.76 | 0.74 0.726 | 2.7 3.5 
0.72 | 0.75 | 0.735 | 0.733 | 1.8 1.4 
May 13-14 “ 30 | 0.72) 0.72; 0.72 3.0 5.4 
14-15 0.72 | 0.72] 0.72 3.0 5 
Food 
“ 16-17 1 0.80 | 0.78 | 0.79 0.6 0.8 
“ 17-18 2 0.97 | 0.94 0.96 .03 0.5 


1:1. As one would expect, the quotients fluctuate somewhat 
during each day, and assuming that they are ‘metabolic quo- 
tients”? the ketogenic ratio of the metabolic mixture doubtless 
also fluctuates; but it is clear that acetone bodies first appeared 
when the quotient first dropped to 0.76 or below. 


le 
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Normai Subjects on Non-Carbohydrate Diets (Higgins, Peabody, 
and Fitz, 19). 


During 4 days each subject ate large amounts of protein and 
fat but no carbohydrate. On the Ist diet day small amounts of 
acetone bodies appeared in the urine. Respiratory metabolism 
was determined twice daily by spirometer and gas analysis. Table 
V contains a comparison of the total respiratory quotients, the 
corresponding ketogenic ratios, and the total acetone body ex- 
cretion expressed as hydroxybutyric acid per day, for two of the 
subjects. In each case the afternoon R. Q. of the Ist diet days 
(0.745 and 0.715) correspond to ketogenic ratios greater than 
1, after which time the quotients indicate much higher ratios, 
in general agreement with the large excretion of hydroxybutyric 
acid. The conclusion appears justified that both subjects first 
excreted acetone bodies when the ketogenic ratio exceeded 1. 


Subject “Mrs. MCK” of Means (11), and Folin and Denis (12). 


A very obese woman was observed during three fasts, the res- 
piratory data being reported by Means and the urine analyses by 
Folin and Denis. The data essential to our discussion are brought 
together in Table VI. 

During the diet period preceding the first fast and during that 
fast the respiratory quotients are low (0.74 and from 0.71 to 0.68), 
indicating ketogenic ratios higher then 1 even before the fast, 
when presumably there was no ketonuria. Also during the next 
diet period the R. Q. remained low in spite of much food carbo- 
hydrate (148 to 239 gm. per day), being 0.74 to 0.76. The same, 
or lower, quotients were found in each of the next two diet 
periods and are difficult to explain. 

However, the quotients in both the second and third fast periods 
are wholly in accord with results from the preceding subjects. 
Acetone bodies first appeared when the quotient dropped below 
0.76 indicating a ketogenic balance greater than 1. 


Diabetic Case No. 740 of Joslin (13). 


This case of severe diabetes with marked acidosis has been re- 
ported as an example showing “that if a diabetic is fasted, aci- 
dosis disappears and this is in marked contrast to the behavior 
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TABLE V. 
Respiratory Quotients and Ketogenic Ratios. 


Normal subjects on high protein, high fat, non-carbohydrate diet 
(Higgins, Peabody, and Fitz, 10). 


Ketogenic 
ratio. 
‘ Respiratory} Total 
24 hours. 
85 
gm. 
H.L.H. |June 1/ 8 a.m. | 0.82 | 0.4) 04 
4 p.m. | 0.86 0.2 0.2 
2) 8 a.m. | 0.82 | 0.4} 0.3 Non-C H. 
4p.m. | 0.745) 1.4) 1.3} 2.22 
31! 8a.m. | 0.73 | 2.1) 1.4 
4p.m. | 0.74 | 1.6 a 5.14 
“ 8a.m. | 0.725) 2.6) 1.8 
4 p.m. | 0.685) © 18.3 
“ 5] 8 a.m. | 0 705)15.0 + 100 cc. 
4p.m. | 0 700/40.0 25.6 whiskey. 
« 6] 8a.m. | 0.680] © 3.4* | Mixed, 468 gm. C H. 


4p.m. | 0.765] 0.9 1.85+ 


F.W.P.| “ 7j| 8 a.m. | 0.82 | 0.4 


4 p.m. | 0.785) 0.7 Mixed. 

« 8a.m. | 0.835] 0.3] Non-C H. 
4p.m. | 0.715) 4.0 0.93 

“ 9! 8a.m. | 0.730) 2.1 
4p.m. | 0.700)40.0 2.6 

“ 10} 8 a.m. | 0.740) 1.6 
4p.m. | 0.675) 7.3 

“ 11| 8 a.m. | 0.725) 2.5 180 ee. 
4 p.m. | 0.670) 15.5 whiskey. 

“ S8a.m. | 0.680) 1.1f Mixed, 386 gm. C H. 
4 p.m. | 0.690} 1.0§ 


* for 2.5 hrs. 
for 21.5 hrs. 
t for 2 hrs. 

§ for 22 hrs. 


158 


i 


P. A. Shaffer 


of normal men, for they present acidosis upon fasting with no 
increase in the respiratory quotient as the fasting proceeds.”’ 


Respiratory Quotients and Ketogenic Ratios. 


Subject, Mrs. MCK. from Means (11), and Folin and Denis (12). 


Total R.Q. 
average 
(Means). 


Total | 
hydroxybutyric! 
ac 


in 24 hours. 


gm. 


> 


Food. 


First fast. 


Food. 


Second fast. 


Food. 


Third fast. 


Food. 


Since it is the writer’s contention that as regards the amount of 
acetone bodies formed the diabetic behaves essentially the same 
as any other subject who metabolizes the same mixture, it is 
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TABLE VI. ! 
Ketogenic ratio : : 
A 
Feb. 23 0.74 1.6 : 
“94 0.74 1.6 
“ 95 0.71 6.0 0.34 : 
96 0.69 4.68 
“ 0.69 20.72 
“ 98 0.68 24.63 
Mar. 1 0.74 1 
“ 9 0.76 1 
0.76 1 
4 0.74 1 | 
0.75 1 
“ 6 0.75 1 
0.76 1 
9g 0.75 1 
“« 10 0.76 1 0 
“ 4] 0.75 1 0.03 
0.75 1 2.68 
“ 43 0.72 3 8.60 | 
“ 14 0.71 6 17.34 | 
“415 0.73 2 
16 0.73 2 
“ 47 0.73 2 
“ 19 0.78 0 
90 0.79 0 0 | 
“ 94 0.77 0 0 | 
“ 99 0.74 1 3.47 a | 
“ 93 0.72 3 20.09 
94 0.71 6 
95 0.75 1 
96 0.79 0 
JM 
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desirable that we attempt an analysis of this case. Table VII 
contains the total respiratory quotients, the corresponding keto- 
genic ratios, and the amount of total acetone bodies, expressed 
as hydroxybutyric acid, (including acetone and acetoacetic 
acid but not including breath acetone) which was actually ex- 
creted. Although as shown by a detailed calculation and as 
noted by Joslin the R. Q. is usually somewhat higher than is to 
be explained by the materials known to be available to the sub- 


TABLE VII. 
Severe Diabetic with Decreasing Acidosis on Fasting. 
Joslin, Case 740 (13). 


Date. Total R. Q. Ketogenic ratio. acid 
excreted 
gm. 
Apr. 15-16 0.72 3.2 24.9 
“16-17 0 73 2.1 18.9 
“17-18 0.72 3.2 11.8 
“« 18-19 0.735 1.9 11.0 
“ 19-20 0.755 1.0 7.9 
“21-22 | 0.75 1.2 6.5 
“24-25 0.736 1.9 5.4 
“27-28 0.745 1.4 4.7 
May 1 0.76 1.0 4.1 


ject, if one assumes that the data represent metabolic quotients, 
it is evident that the acidosis decreased (but did not disappear) 
as the ketogenic ratio approached 1. According to the results 
from other subjects the continued excretion of about 5 gm. of 
hydroxybutyric acid per day is hardly to be expected with a 
respiratory quotient of 0.76 and suggests that the quotients are 
actually slightly higher than the true metabolic quotients, or 
that the quotients during the respiration periods were higher 
than at other periods of the day. With an existing acidosis, 
respiratory quotients are apt to fluctuate and their interpretation 
is difficult and uncertain. Whatever the explanation of this 
discrepancy, it is evident from an analysis of Joslin’s data (not 
included in our table) that the gradual rise of the respiratory 
quotient, the lowering of the ketogenic ratio which that rise 
indicates, and the decline of the acidosis, were not caused by 
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any increase in sugar burning power but were caused by the 
decrease in total metabolism resulting from the fast, and in 
the amount of ketogenic material (fat and protein) in the meta- 
bolic mixture. The metabolism of ketogenic substances was 
merely slowed down by undernutrition to the point where it 
no longer markedly overbalanced the already low rate at which 
the body was able to provide antiketogenic substance for ‘ neu- 
tralization.”’ This appears to the writer to be the probable 
explanation of the beneficial effect of fasting and undernutrition 
in causing a decrease of diabetic acidosis. The point of view 
will be developed in a later paper. 

There are many other results from diabetics in the literature 
which are more or less suitable for similar examination and we 
have studied a number of them, especially in the publications 
of Benedict and Joslin from the Nutrition Laboratory and of 
Du Bois and associates from the Sage Laboratory at Bellevue 
Hospital. It is evident from these and earlier results as has 
been repeatedly noted, that the respiratory quotients are lower 
the more severe the grade of diabetes. The quotients determined 
by even the most expert investigators, however, often vary 
considerably from hour to hour and their interpretation is diffi- 
cult. Moreover, most of the cases on which sufficient data are 
given had more or less severe acidosis and under such circum- 
stances, factors resulting from acid production may so affect 
the respiratory quotient as to make it an unfavorable basis for 
calculating the ketogenic balance. A detailed consideration of 
other individual cases will accordingly not be attempted at 
present. 

Attention may be called, however, to the summary of Benedict 
and Joslin (14) which shows (p. 113) that the average quotients 
of all of their observations on severe diabetics, with marked 
acidosis, was 0.73 which corresponds to a ketogenic ratio of about 2, 
while the average quotient of the moderately severe and mild 
diabetics with little or no acidosis was from 0.73 to 0.77, the latter 
value corresponding to a ketogenic ratio of about 0.8. This general 
finding is, therefore, quite in harmony with the conclusion that 
a R. Q. of 0.76, corresponding to a ketogenic ratio of 1 represents 
the border-line or threshold of ketosis. 
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SUMMARY AND CONCLUSIONS. 


A method is described by which the ratio of ketogenic to anti- 
ketogenic molecules in the metabolic mixture of a subject may be 
calculated from the respiratory quotient. 

Evidence is presented which appears to point to the conclusion 
that a molecular ratio of 1:1, which corresponds (according to 
the method of calculation) to a respiratory quotient of 0.76, is 
the limit for the avoidance of the excretion of acetone bodies. 
With quotients higher than 0.76 the catabolism of the antike- 
togenic glucose (or its equivalent from protein and glycerol) 
is great enough to remove acetoacetic acid as fast as it is formed, 
presumably by a “ketolytic’”’ reaction analogous to the in vitro 
reaction previously described. 
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OBSERVATIONS ON THE “ALKALINE TIDE” AFTER 
MEALS. I. 


By CYRUS H. FISKE. 
(From the Biochemical Laboratory, Harvard Medical School, Boston.) 


(Received for publication, September 2, 1921.) 


Since the original observations by Bence-Jones'? (confirmed 
some years later by Roberts*) showing a temporary decrease 
in the acidity of urine after meals, some investigators have re- 
corded their inability to find such variations consistently.4 Al- 
though most of the earlier reports on this phenomenon were con- 
cerned with acidity as determined by titration, the first! of Bence- 
Jones’ communications on the subject was confined to tests 
made with litmus, and the recent tendency®*® to associate the 
term “alkaline tide,” directly or by implication, with variations 
in the Cy of urine is accordingly a legitimate one, with the his- 
torical facts in its favor. 


To these two distinct uses of the term ‘‘alkaline tide’’ might be added a 
third, viz. the decrease in ‘‘acidity’’ or increase in ‘“‘alkalinity’’ shown by 
the double titration method recently used by Leathes’ and others, were 
it not for the fact that this method does not fulfill the purpose for which it is 
intended. The method is a determination of the ratio between the amount 
of alkali required to titrate a given sample of urine to the turning point 
of phenolphthalein and the amount required to reach the turning point of 
methyl orange. The results obtained by means of it are supposed to rep- 


1 Bence-Jones, H., Phil. Tr. Roy. Soc. London, 1845, exxxv, 335. 

2 Bence-Jones, H., Phil. Tr. Roy. Soc. London, 1849, exxxix, 235. 

3 Roberts, W., Edinburgh Med. J., 1859-60, v, 817, 906. 

4See Hopkins, F. G., and Hope, W. B., J. Physiol., 1898-99, xxiii, 271. 

5 Hasselbalch, K. A., Biochem. Z., 1912, xlvi, 403; 1916, Ixxiv, 18. 

6 Denis, W., and Minot, A. S., J. Biol. Chem., 1918, xxxiv, 569. 

7 Leathes, J. B., Brit. Med. J., 1919, ii, 165. 

8 A similar procedure had been used earlier by others, but with quite a 
different object; viz., to determine what proportion of the total amount 
of weak acids in urine is neutralized (Auerbach, A., and Friedenthal, H., 
Arch. Physiol., 1903, 397; Henderson, L. J., and Palmer, W. W., J. Biol. 
Chem., 1913, xiv, 81). 
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resent the ratio of primary to secondary phosphate, and if this were true 
they could evidently be translated directly into terms of Cy. This claim, 
however, rests clearly upon the assumption that phosphate is the only weak 
acid present in urine, and that is well known to be erroneous;? nor is the 
error introduced by this assumption a constant one, and of such a nature 
as not to invalidate comparative results, for the phosphate content of urine 
may undergo large and rapid variations without any significant change 
in the amount of other weak acids.° 

From this it is clear that ratios thus obtained by the double titration 
method are not a reliable substitute for Cg determinations, and it is there- 
fore difficult to see any real significance in such ratios, in connection with 
the problems to which the method has been applied, beyond the informa- 
tion that could be more easily and much more accurately acquired by meas- 
uring the Cy directly. 

It is interesting to observe the extreme error into which others have 
fallen in consequence of the idea that urine behaves, in such titrations, as 
if it were a pure phosphate solution. Collip and Backus" have gone a step 
farther and, assuming that the sum of the two titrations gives ‘‘apparently 
accurate”’ figures for the phosphate content of urine, have been led to con- 
clude that forced respiration causes a pronounced increase in the excretion 
of phosphate by the kidneys, although under these conditions the urine 
is often alkaline and may contain considerable bicarbonate. The figures 
published by Collip and Backus represent, not phosphate alone, but (ap- 
proximately) the sum of the phosphate and all other weak acids, 
including carbonic. Leathes!? himself (with Broadhurst) has also investi- 
gated the same question, and found no rise in phosphate excretion, presum- 
ably because he actually determined the phosphate. 


As far as I am aware, no one has denied that the Cy of the 
urine ordinarily diminishes for a time after meals, but the litera- 
ture on the subject indicates that an unequivocal drop in the 


titratable acidity under such circumstances is not so general 


an occurrence. Whether or not this apparent inconsistency 
is due simply to the comparative paucity of observations on the 
Cy of urine after meals, it is obvious that titratable acidity and 
Cy may vary independently, and even in different directions, 
when any considerable change occurs in the quantity of buffer 
substances present. Consequently, after a meal rich in phos- 


® Michaelis has made the same assumption (Michaelis, L., Die ae 
stoffionenkonzentration, Berlin, 1914, 109). 

10 Fiske, C. H., J. Biol. Chem., 1921, xlix, 171. 

11 Collip, J. B., and Backus, P. L., Am. J. Physiol., 1920, li, 568. 

12 Broadhurst, H. C., and Leathes, J. B., J. Physiol., 1920-21, liv, p 
XXVili. 
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phate, the Cy may conceivably fall without any parallel change 
in titratable acidity, provided always that the urine does not 
become actually alkaline to the indicator used in the titration. 
Although acidity titrations have been made in only a few of my 
experiments under circumstances where this state of affairs is 
likely to arise, something closely approaching it did occur in one 
instance (Table I). Here the titratable acidity at 9-10 p.m. 
(3 hours after the meal) is only a little less than in the period 
preceding the meal, but the Cy has fallen to about one-tenth of 


its previous value. 


TABLE I. 
Experiment 20. 7 
Meal at 7.15 p.m. (for further details see Table II). 


Urine per hour. 
Time. 
Volume. pH Acidity. 
cc. cc.0.1N 
5- 6 p.m. 60 5.25 11.0 
6-7 “ 34 5.15 11.3 
7-8 * 21 5.10 12.3 
8-9 “ 3l 5.30 13.5 
9-10 “ 37 6.20 9.0 
10-11 “ 32 7.25 1.3 


The observations reported in this paper (Table II) are taken 
from experiments (all on the same subject) made primarily for 
other purposes. They are of interest, in the first place, because 
most of them show the nature of the variations that may occur 
in the Cy of urine from hour to hour under the influence of food, 
whereas longer periods have ordinarily been used by others. 
Since the changes are often very sudden and transient, they 
may sometimes completely escape observation when the periods 
are several hours in duration. (The sharp fall in Cy in the 3rd 
hour after food in Experiment 37, for example, would have been 
entirely missed in 2 hour periods.) 

Some of these experiments are included to show that with this 
subject the urine is likely to become alkaline or nearly so at some 
time after a full meal consisting of meat, with or without other 
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food, but their main purpose is to point out certain difficulties in 
deciding whether a similar thing happens after a meal of small 
proportions. 

Concerning the experimental details, beyond what is stated 
under analytical methods and in the table, nothing need be 
said except that anything approaching vigorous exercise was 
always carefully avoided. | 


Methods. 


The hydrogen ion concentration was determined colorimetrically 
by a modification of the dilution method™ somewhat different 


from that ordinarily used. 


In each instance, 1 per cent of al hour sampleof urine (or its equivalent) 
was diluted to 10 cc. and compared with a fresh standard (made by adding 
carbonate-free standard alkali to acetic acid, monopotassium phosphate, 
or borate-KC] mixture,'4 and diluting to a concentration of 0.01 um). The 
accuracy of the standards so prepared was frequently controlled by the 
electrometric method. The indicators used were methyl red, brom-cresol 
purple, phenol red, and cresol red. 

This form of the colorimetric method measures the Cg of the urine, not 
as secreted, but after dilution to a uniform basis. While this may in some 
ways be a disadvantage, the results are more useful for certain calculations 
that have been necessary in investigations to be reported later (e.g., the 
determination of the ratio of primary to secondary phosphate, and of the 
total amount of base combined with phosphoric acid), since the high dilu- 
tion of the solutions diminishes the possibility of complications due to 
incomplete ionization and the presence of electrolytes. . 


The acidity was determined by titrating with standard alkali 
from a micro-burette to match a standard 0.01 m phosphate 
mixture (pH 7.4), prepared as described above. The indicator 
was phenol red, and no oxalate was used. The possibility of 
error from the effect of calcium was, however, eliminated in 
another way; viz., by repeating each titration in the presence of 
twice as much water. As it happened, no difference between the 
two titrations could be detected in the case of any of the urines 
with which this paper is concerned, but sometimes such differ- 


13 Henderson, L. J., and Palmer, W. W., J. Biol. Chem., 1912-13, xiii, 393. 
144 Clark, W. M., and Lubs, H. A., J. Biol. Chem., 1916, xxv, 479. 
14 Clark, W. M., The determination of hydrogen ions, Baltimore, 1920, 
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ences are encountered, and all that is necessary then is to con- 
tinue the dilution until it has no further effect. This is satis- 
factory even with phosphate solutions containing more than 
enough calcium to combine with all the phosphate. 


Cy of Urine after Meals. 


The principal facts brought out by the results in Table II 
are these.6 The urine usually becomes quite suddenly less 
acid (and sometimes alkaline) in the 2nd or 3rd hour after a 
meal. When the meal is a full one (Experiments 14, 15, 20, 36, 
38, 44, and 45) the Cy at that time is ordinarily much lower than 
it is likely to be otherwise. But when the meal is small (Ex- 
periments 1, 30, 32, and 37) it is usually impossible to decide 
whether the “tide” is due directly to the meal under considera- 
tion or to a delayed effect of a previous meal, or whether it is in 
fact anything more than an apparent alkaline tide, representing 
in reality the recovery from a temporary increase in acidity 
(observed also by Hasselbalch*®) immediately following the meal. 

The reason for this uncertainty may be seen in part from the 
records for the control experiments (Nos. 20 and 22), which were 
made following the same breakfast eaten (at about 8 a.m.) in all 
the others (puffed rice, milk, and coffee), but without further 
food before 7 p.m. Under these circumstances the pH under- 
goes minor variations for several hours and does not begin to 
show any inclination to approach 5.0 progressively until 4 or 
5 p.m. The cause of these irregularities doubtless lies in the 
combined influences of the fixed alkali and potential acid in the 
food eaten for breakfast, and of the variations in Cy that occur 
in the morning (and later) when no food is eaten.*:7:'%!2 It 
may be fairly concluded that the interpretation of similar observa- 
tions previously published by others is likewise uncertain for the 
same reasons, and that one cannot be sure of the meaning of any 
but large variations in the Cy (or titratable acidity) of urine after 


16 Data on the urinary volume are included also (Table III) because of 
the relation that appears sometimes to exist between volume and acidity. 
It will be seen, however, that a decrease in Cy in these experiments is ac- 
companied by a drop in volume quite as often as by diuresis. 
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meals except under circumstances that definitely exclude the 
influence of food taken earlier.!” 

Whether or not it may be correct to say that the alkaline tide 
is due to the secretion of hydrochloric acid by the stomach,!$ it is 
certain that the acidity of urine after meals is influenced by 


TABLE III. 
Volume of Urine (Cc. per Hour). 


Experiment No........ 14/15 | 1 | 30 | 32 | 37] 22 | 20] 38 || 36 | 44 | 45 
Time. 
Time. 

9-10 a.m. 87/207 
10-11“ 75| 87 
12-1p.m._ | 44| 47) 78\383/ 61| 49] 72 
1-2 « 71| 69| 66325] 36/131| 79| 72 
2-3 « 66| 62/1971496| 31/159] 71/111 
3-4 « 66| 80|249/275| 30| 60| 22 
4-5 167|246}427| 30|209|116| 25 4-6 p.m. 
5-6 58 36/188| 34| 60 
6-7 34| 65|| | 681116] 6- 8 p.m. 
7-8 « 21| 55 
g-9 31| 37|| 401114 85| 8-10 p.m. 
9-10 “ 37| 37 
10-11 “ 32| 36! 10-12 p.m. 
1-12 “ 34 

73/102 49) 12- 2 a.m. 


17 The possibility of confusion from such ‘‘overlapping”’ effects was 
recognized many years ago by Roberts.? He also called attention to the 
necessity of examining the urine at very frequent intervals. 

18 Dodds has recently found that the alveolar CO:2 tension, which nor- 
mally rises after meals, did not do so in a man whose stomach had been re- 
moved, and this is an important point in favor of the gastric secretion 
theory (Dodds, E. C., J. Physiol., 1920-21, liv, 342; see also Bennett, T. I., 
and Dodds, E. C., Brit. J. Exp. Path., 1921, ii, 58). The contradictory evi- 
dence put forward by Hasselbalch is not at all convincing, being based upon 
the absence of the alkaline tide after meals in subjects on a carbohydrate- 
freediet. Asa matter of fact, the tide did not disappear in his experiments 
until the 4th day on this diet, and its absence then can easily be accounted 
for by the acidosis. It is worth noting that Roberts’ as long ago as 1860 
undoubtedly produced acidosis in his subject by means of a purely ‘‘animal’’ 
diet, since he also observed that the alkaline tide diminished progressively 
in intensity in the course of 3 days on such food. 
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various factors operating at the same time. The maximum 
alkalinity after a protein meal is often reached at a time when the 
excretion of sulfate and phosphate (and therefore the rate of 
production of sulfuric acid, and perhaps of phosphoric acid as 
well) has reached or is approaching a maximum, and any de- 
crease in acidity occurring then must be in the face of this addi- 
tional acid production. It is safe enough to suppose that the 
intensity of the tide (or its appearance at all) will depend not 
only upon the amount of hydrochloric acid secreted by the stomach 
(if that is one of the factors involved), but also in an independent 
way upon the composition of the food. Consequently, even if 
such a tide is not always evident after meals, that fact alone does 
not detract from the importance of the phenomenon when it 
does occur. 
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INORGANIC PHOSPHATE AND ACID EXCRETION IN 
THE POSTABSORPTIVE PERIOD. 


By CYRUS H. FISKE. 
(From the Biochemical Laboratory, Harvard Medical School, Boston.) 


(Received for publication, September 2, 1921.) 


The introduction, in the middle of the 19th century, of Liebig’s 
titration method for the determination of phosphate in urine 
stimulated the first investigations on the subject of diurnal varia- 
tions in phosphate excretion. 


As part of a comprehensive program instituted in connection with the 
Verein fir gemeinschaftliche Arbeiten zur Férderung der wissenschaftlichen 
Heilkunde, two students (Winter! and Mosler?), working under the direc- 
tion of Vogel, observed that the rate of phosphate excretion in men on ordi- 
nary diets reaches its lowest point in the morning. Their experimental 
days were divided into 3 or 4 periods of varying length, and the result of 
this was that the time of occurrence of the minimum was not well defined. 
Shortly afterwards these observations were repeated by Beneke’* with 
uniform 3 hour periods (except at night) and he found the lowest phosphate 
output (averaging 24 mg. of phosphorus per hour) to occur between 7 and 
10 a.m., with 39, 54, 52, and 45 mg. per hour in the succeeding 3 hour periods, 
and 39 mg. per hour during the night.‘ 

Some years later, von Haxthausen® arrived at a similar conclusion, the 
uranium titration method having meanwhile been devised, and many others 
since have called attention to the low rate of phosphate excretion in the 
morning after the first meal of the day (Zuelzer,? Edlefsen,**® Speck,?® 


1 Winter, A., Dissertation, Giessen; cited by Beneke, F. W., Arch. wis- 
sensch. Heilkunde, 1854, i, 667. 
2 Mosler, F., Dissertation, Giessen; cited by Beneke, F. W., Arch. wis- 
sensch. Heilkunde, 1854, i, 670. 
3 Beneke, F. W., Arch. wissensch. Heilkunde, 1854, i, 391, 571. 
‘de Jager,® in reporting Beneke’s figures, has retained an error in the 
original in the average for the second period. — 
5 de Jager, L., Z. physiol. Chem., 1898, xxiv. 303. 
® von Haxthausen, H. A., Inaugural dissertation, Halle, 1860; cited by 
Edlefsen.® 
7 Zuelzer, W., Virchows Arch. path. Anat., 1876, lxvi, 223, 282. 
§ Edlefsen, G., Cent. med. Wissensch., 1878, xvi, 513. 
® Edlefsen, G., Deutsch. Arch. klin. Med., 1881, xxix, 409. 
10 Speck, Arch. exp. Path. u. Pharmakol., 1881-82, xv, 81. 
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Ott,!! Roeske,!? de Jager,> Sherman and Hawk,!3 Hawk,!4 Hawk and Cham- 
berlain,'® Cathcart, Kennaway, and Leathes,'® and some others with less 
definite results). The observation has been extended also to dogs receiving 
but one meal in the course of 24 hours (Feder,!? Vogt,!8 Loeb,!® Wolf and 
Osterberg?°). 

The earliest investigators of this subject were engaged in breaking 
ground in a field that had not previously been touched. They could hardly, 
at first, have been in a position to plan their experiments in such a way as 
to avoid misinterpretations due to the influence of food. Their observa- 
tions on the curve of phosphate excretion accordingly occasioned no sur- 
prise, for their results with sulfate were essentially the same, and that 
was Just what they expected on the basis of the erroneous conception then 
prevailing concerning the distribution of phosphorus in proteins.24_ They 
were naturally, therefore, inclined to ascribe their findings chiefly to the 
gradual fall in phosphate excretion during the night (inasmuch as that was 
the longest period without food), and slow absorption was to them a suffi- 
‘cient explanation for the failure of the phosphate curve to rise immediately 
after the first meal. No one since, in fact, has seriously questioned this 
way of accounting for the facts, with the exception of Loeb'®, and his specu- 
lations on the subject were not supported by experimental evidence of any 
sort. 


My attention was directed some time ago to the matter of 
variations in inorganic phosphate excretion during the Ist day 


1 Ott, A., Z. physiol. Chem., 1886, x, 1. 
12 Roeske, G., Dissertation, Greifswald, 1897; cited by Sherman and 


Hawk.}3 
13 Sherman, H. C., and Hawk, P. B., Am. J. Physiol., 1900-01, iv, 25. 
44 Hawk, P. B., Am. J. Physiol., 1903-04, x, 115. . 


146 Hawk, P. B., and Chamberlain, J.8., Am. J. Physiol., 1903-04, x, 269. 

16 Cathcart, E. P., Kennaway, E. L., and Leathes, J. B., Quart. J. Med., 
1907-08, i, 416. 

17 Feder, L., Z. Biol., 1881, xvii, 531. 

18 Vogt, H., Beitr. chem. Physiol. u. Path., 1906, viii, 409. 

19 Loeb, A., Z. Biol., 1910-11, lv, 167. 

20 Wolf, C. G. L., and Osterberg, E., Biochem. Z., 1912, xli, 111. 

21 This, together with a general lack of knowledge about the nature of 
the phosphorus compounds in foods (particularly meat), undoubtedly in- 
fluenced the interpretation of many later investigations in the field of phos- 
phate metabolism, including the researches on the nitrogen-phosphorus 
ratio initiated by Bischoff (Bischoff, E., Z. Biol., 1867, iii, 309). The 
term ‘‘phosphoprotein’”’ (or its equivalent, ‘‘nucleoalbumin’’) is even now 
too often loosely used, although Plimmer and Scott have failed to find evi- 
dence for the existence of any such substance in animal tissues, with the 
possible exception of the pancreas (Plimmer, R.H.A., and Scott, F.H., 
J. Chem. Soc., 1908, xciii, 1699). 
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of fasting by observations on 1 hour urimes collected during the 
morning. These revealed a surprising and apparently unaccount- 


TABLE lI. 
Fasting since 7 p.m. of Preceding Day. 
Experiment 57. 100 cc. of water per hour. 


Urine (per hour). 
Time. 
Volume. Inorganic P. 
ce. mg. 
7- 8 a.m 36 24.7 
“ 25 22.0 
9-10 “ 22 12.5 
10-11 “ 75 12.6 
11-12 m. 136 13.5 
12- 1 p.m. 85 15.4 
1-2 40 18.4 
92-3 * 95 25.0 
4-5 * 178 26 .6 
5-6 “ 114 24.7 
6-7 “ 38 23.7 
* 34 22.5 
26 22.3 
9-10 “ 31 22.5 
Urine (per hour). 
| © 
Time. 2 2 a 
8-10 a.m. 24 | 5.70) 17.3) 31.0 16.4, 5.6 | 22.1/10.2 | 7.2 | 29.3 
10-12 m. 106 | 6.00; 13.1) 31.3) 14.4. 4.2 | 22.3) 9.0 | 5.9 | 28.2 
12- 2 p.m. 63 | 5.80) 16.9; 27.2 11.9) 5.4 | 19.4) 7.4 | 7.0 | 26.4 
Ee. 79 | 5.75) 25.4| 26.2 12.6, 8.2 | 18.7) 7.5 | 8.9 | 27.6 
4-6 “ 146 | 5.75} 25.7) 22.4 14.7) 8.3 | 16.0} 9.2 110.0 | 26.0 
6-8 “ | 5.50) 23.1] 21.9! 13.3) 7.4 | 15.6 8.3/9.9 | 25.5 
8-10 ‘“ 29 | 5.55!) 22.4 20.0, 13 & 7.2 | 14.3) 8.6 | 9.4 | 23.7 


able increase in the phosphate output, reaching its maximum at 
about the middle of the afternoon (see Experiment 57, Table I). 
Further inquiry immediately showed that this rise begins 


; 
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soon after the drop long known to occur during the night has 
reached its lowest point, which may be as low as 6.3 mg. of phos- 
phorus per hour under these conditions.” A curve of this same 
general form has now been found, without exception, in about 
40 such experiments on four subjects, and some of the observa- 
tions on three of these will be published later in another connec- 
tion. The present paper will be confined to experiments selected 
from some 25 performed on the fourth subject, involving deter- 
minations, not only of phosphate, but also of several other factors 
concerned in the question of acid excretion (which likewise is 
subject to variations of considerable magnitude during the post- 
absorptive period), the object being to attempt to learn the 
reasons for these changes as a whole. No vigorous exercise was 
taken during the course of any of these experiments. 

It will readily be seen that the situation just described,” 
occurring when the rising part of the phosphate curve cannot be 
accounted for by food recently eaten, bears no necessary relation 
to the similar course of events that many have observed (at 
various times in the last 70 years) following breakfast, inasmuch 
as one could not have been predicted from the other. Neverthe- 
less, it is not at all impossible that the explanation of both, inso- 
far as they are qualitatively alike, will ultimately prove to be the 
same. 


One other matter respecting the phosphate curves themselves 


22 A preliminary report on this point, made at the meeting of the Amer 
ican Society of Biological Chemists in December, 1919, was published in 
March, 1920 (Fiske, C. H., J. Biol. Chem., 1920, xli, p. lix). Similar obser- 
vations have since been recorded by Broadhurst and Leathes in a paper 
presented before the Physiological Society in the following July, and pub- 
lished in December (Broadhurst, H. C., and Leathes, J. B., J. Physiol., 
1920-21, liv, p. xxviii). 

23 Feder!’ published two fasting experiments (on dogs) intended toserveas 
controls for his meat feeding experiments. Provided that certain assump- 
tions are made about the time of day represented by his periods, the results 
of these experiments give a curve not unlike those reported in this paper. 
Feder, however, dismissed them as accidental variations. Edlefsen® like- 
wise found in one experiment a rise in phosphate excretion between 12 m. 
and 6 p.m. of the 2nd day of fasting in man, with lower figures for the 6 
hour periods preceding and following. This is undoubtedly the same phe- 
nomenon that I have described, but the 1st fast day of Edlefsen’s experi- 
ment did not show it, nor would mine if 6 hour periods had been used. 
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requires to be mentioned. In all those experiments in which the 
level of inorganic phosphorus excretion, in its rise during the 
late morning and early afternoon, eventually exceeded 25 mg. 
per hour, there followed (whenever the experiment was con- 
tinued for a few hours) a further slight fall to between 20 and 
25 mg. In the single experiment that was continued later than 
6 p.m., the curve finally became horizontal for some hours (Table 
I), and essentially the same thing happened in an experiment on 
another subject (not now included), which lasted until midnight. 

These oscillations in the curve of phosphate excretion (which 
an inspection of the tables will show to be entirely unconnected 
with the volume of urine), naturally suggested some relation to 
the alkaline tide observed by Hasselbalch™ during the morning in 
subjects who had been without food since the previous noon, 
and an investigation was accordingly begun, involving simul- 
taneous observations on both these things. The subject of 
these experiments ate, throughout, an ordinary mixed diet di- 
vided into the customary three meals a day, with no attempt to 
maintain constancy of composition, since this was readily shown 
to be unnecessary for the purpose. It was shortly found that, in 
this subject under such circumstances, no very marked alkaline 
tide occurred during the morning, whether the last meal had 
been taken on the evening before or at about the middle of the 
preceding day (Tables I and VI). In order to intensify this 
tide, with the hope of helping to unravel its relation tothe phos- 
phate curve, the device was adopted of drinking varying quanti- 
ties of milk at about midnight of the day before. The temporary 
drop in the Cy of the urine during the morning was then ordi- 
narily much more pronounced, and the more so the larger the 
amount of milk taken (Tables II and III). The effect was 
similar when the food eaten at that time included other things 
besides milk (Table IV). 

The variations observed in the excretion of inorganic sulfate 
can furnish no basis for explaining the alkaline tide by alterations 
in the rate of sulfuric acid production, since the tendency through- 
out is for the inorganic sulfate content of the urine to decrease 
gradually to an approximately constant level, with no significant 
rise in the latter part of the day, and since even the decrease is 


24 Hasselbalch, K. A., Biochem. Z., 1912, xlvi, 403; 1916, Ixxiv, 18. 
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TABLE II. 
200 Cc. of Milk at Midnight. 


Urine (per hour). 


Time. 
| Volume. | pH Inorganic P. 
{ Experiment 31. Fasting. 200 cc. of water every 30 minutes. 
ce. mq. 
8- 9 a.m. 40 5.00 22.2 
; 9-10 “ 215 5.85 12.2 
j 10-11 “ 474 6.80 6.3 
11-12 m. 397 6.60 7.6 
: 12- 1 p.m. 421 6.40 12.5 
358 6.05 18.1 
2-3 “ 358 6.05 18.1 
} 3-4 “ 330 5.85 25.7 
4-5 “ 300 5.50 27.8 
Experiment 35. Fasting. 100 cc. of water per hour. 
6-7 a.m 29 5.05 32.2 
7-8 “ 29 5.10 24.4 
| 8-9 95 5.25 18.9 
9-10 “ 67 6.05 13.6 
10-11 “ 130 7.10 14.6 
i 11-12 m 166 7.15 16.7 
Experiment 25. Fasting. 100 cc. of water per hour. 
Urine (per hour). 
Time. Inor- 
ce. mg mg. mg. |icc.0.1 Micc.0.1 N|cc.0.1N 
8- 9 a.m. 34 | 5.20 | 24.7 | 29.2 | 24.4 8.0 | 20.8 | 15.2 
9-10 “ 36 | 5.15 | 13.2 | 24.7 | 21.9 || 4.3 | 17.6 | 13.6 
10-11 “ 67 | 5.30 | 11.2 | 23.7 | 21.6 3.6 | 16.9 | 13.5 
11-12 m. 65 | 5.35 | 12.3 | 21.6 | 18.2 4.0 | 15.4 | 11.3 
12- 1 p.m. 46 | 5.20} 15.2 | 24.0 | 16.5 || 4.9 | 17.2 | 10.3 
i-2 * 34 | 5.10 | 19.1 | 22.8 | 16.9 6.2 | 16.3 | 10.6 
2-3 “ 52 5.15 | 23.8 | 25.8 | 16.3 7.7 | 18.4 | 10.2 
3-4 “ 57 =6| 5.10 | 28.5 | 24.5 | 17.3 9.2 | 17.5 | 10.8 
4-5 “ 44 | 5.00 | 28.7 | 20.7 | 16.9 || 9.2 | 14.8 | 10.6 
5-6 “ 25 | 4.90 | 28.5 | 19.7 | 16.1 9.2 | 14.1} 10.1 
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TABLE II—Concluded. 


Urine (per hour). 


sim | | e+ 

Experiment 50. Fasting. 200cc. of water per hour. 

7- 8 a.m. 37 | 5.40) 27.8; 32.1) 28 1 8.9 | 22.9) 17.6)11.8 | 34.7 
8-9 “ 35 | 5.45) 20.3) 29.5) 26.1) 6.5 | 21.1) 16.3) 9.1 | 30.2 
9-10 “ 75 | 5.45} 15.8) 29.3) 23.4) 5.1 | 20.9) 14.6) 8.7 | 29.6 
10-11 “ 204 | 5.75] 12.5} 28.0} 21.3] 4.0 | 20.0] 13.3] 7.7 | 27.7 
11-12 m. 115 | 5.75 3 20.0) 19.5] 4.6 | 14.3} 12.2] 7.1 | 21.4 
12- 1 p.m. 282 | 5.95} 16.5) 19.6) 18.8) 5.3 | 14.0) 11.7) 7.5 | 21.5 
-F * 193 | 5.85) 17.2) 22.3) 18.1) 5.5 | 15.9) 11.3) 7.9 | 23.8 
2-3 “ 152 | 5.65) 23.0) 23.1) 17.6) 7.4 | 16.5) 11.0) 9.9 | 26.4 
3-4 “ 153 | 5.55) 28.2} 24.6) 19.2| 9.1 | 17.6) 12.0)/11.8 | 29.4 


accompanied by a parallel change at least as great in the am- 
monia excretion.» A certain correspondence is evident be- 
tween the phosphate and the Cy, although the latter sometimes 
continues to fall after the phosphate has begun to rise again. 
The parallelism between phosphate and titratable acidity is 
much closer and fails at only one point, viz. the drop in acidity 
at the trough of the wave is likely to be more pronounced than 
the associated change in phosphate, and this corresponds with 
the occurrence of a fall in Cy, which is most marked at about that 
point. 

To judge from present tendencies in discussions of neutrality 
regulation in the animal body, many would be inclined to believe 


25 Organic acid determinations by the method of Van Slyke and Palmer 
(Van Slyke, D.D., and Palmer, W.W., J. Biol. Chem., 1920, xli, 567) in 
several of these experiments yielded results for the various urines of any 
one experiment that were hardly distinguishable from one another. They 
were of the same order of magnitude, when reduced to the same basis, as 
those reported by the originators of the method for 24 hour urines, and 
since they cannot be regarded as anything but approximations the figures 
are omitted. They have served, however, to eliminate organic acids as a 
factor in the present problem. | 
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that the phosphate output in these experiments falls because 
there is less acid requiring to be neutralized, and rises again 
later because of increased acid production; in other words, that 
the amount of phosphate excreted is determined by the amount 
of other acids calling for removal from the body. For such an 


TABLE III. 
500 Cc. of Milk at Midnight. 


Experiment 21. Fasting. 50 cc. of water per hour. 


Urine (per hour). 
Time. 
Volume. pH Inorganic P. 
ce. mg. 
6- 7 a.m. 24 5.50 35.9 
7-8 “ 38 5.35 35 .0 
8-9 * 55 5.40 29.9 
9-10 “ 45 5.35 24.6 
10-11 “ 57 6.50 17.2 
11-12 m. | 170 6.85 19.4 
12- 1 p.m. 73 7.05 32.7 
* Experiment 65. Fasting. 200 cc. of water every 2 hours. 
Urine (per hour). 
Time. 2 2 
sin § |e | 2 | 
6- a.m 65 | 5.50) 40.0) 23.5) 23.1)} 12.9) 16.8) 14.4) 11.8} 28.6 
8-10 “ 26 | 5.55) 27.6) 20.0) 20.2)| 8.9) 14.3) 12.6) 10.0} 24.3 
10-12 m. 55 | 7.25) 18.3) 8.7] 18.4]| 5.9) 6.2) 11.5) 7.6 
12- 2 p.m. 141 | 6.95} 21.0} 6.6) 15.2)|} 6.8) 4.7) 9.5) 2.8] 7.5 
2-4 “ 78 | 6.50} 33.1} 8.4) 14 9| 10.7; 6.0 9.3) 6.6] 12.6 


interpretation there is, as far as I know, no evidence whatever, 
and it is easily shown (Table V) that the general form of the 
curve of phosphate excretion in the postabsorptive period is not 
at all altered by the administration of sodium bicarbonate, 
whether this is given some hours before the beginning of the 
experiment (Experiment 40) or at a time when the curve has 
begun to rise (Experiment 39). - 


x 

= 


apple pie, and 500 cc. of milk. 


C. H. Fiske 


TABLE IV. 
Meal at Midnight. 


Experiment 9. Fasting. At 12m. (preceding), 1 egg, bread and butter, 


100 cc. of water per hour. 
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Urine (per hour). 
mg. | mg. | mg. ot 
7- 8 a.m. 36 | 5.30) 47.6] 35.9] 15.3] 25°6| 22.3] 16.0] 41.6 
8-9 “ 39 | 5.20) 37.8] 31.5) 27.6)| 12.2) 22.5) 17.3) 12.2) 34.7 
9-10 “ 39 | 5.20) 37.8 _ 27 .6|| 12.2) 22.5) 17.3} 12.2) 34.7 
10-11 “ 74 | 6.20) 21.2} 17.2} 26.7|| 6.8} 12.3) 16.7} 6.0) 18.3 
11-12 m 257 | 6.60) 20.6) 16.0 et 6.7| 11.4) 14.4) 4.8] 16.2 
12- 1 p.m 186 | 6.75} 19.9) 11.1] 6.4) 7.9) 12.0F 3.4] 11.3 
100 | 6.75) 23.8) 11.3) 19.7|| 7.7) 8.1] 12.3) 3.5) 11.6 
2-3 “ 239 | 6.60) 29.8) 10.5} 15.8]} 9.6) 7.5) 9.9} 5.4] 12.9 
3-4 “ 170 | 6.35} 31.4) 10.1] 10.1} 7.2) 9.0) 6.0) 13.2 
4-5 130 | 6.10} 30.3) 14.4) 16.6)) 9.8} 10.3} 10.4) 8.1) 18.4 
5-6 “ 52 | 5.30) 25.0] 20.2} 14.7)| 8.1] 14.4) 9.2) 9.0) 23.4 
TABLE V. 
Effect of NaHCO, on Phosphate Excretion. 
Urine (per hour). 
Time. 
Volume. | pH |Inorganic P. 
Experiment 39. Fasting. 200cc. of milk at midnight. 100 cc. of water 
per hour. 
cc. mg. 
11-12 m 49 7.25 7.2 
12-1lp.m.| 117 6.95 14.8 
1- 2 p.m 70 7.75 18.7 | 1 p.m. 10 gm. of NaHCO; per os. 
2-3 “ 46 8.35 25.3 


Experiment 40. Fasting. 
NaHCO; in 200 cc. of water at 4 a.m. 


200 cc. of milk at midnight. 


5 gm. of 


100 cc. of water per hour. 


9-10 a.m. 
10-11 “ 
11-12 m. 
12- 1 p.m. 


72 
55 
94 - 
87 


15.2 
11.7 
13.9 
21.9 


7.65 | 
7.65 
7.60 
7.50 
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The observations as a whole, insofar as they can be accounted 
for at all by those factors that have been determined in these 
experiments, can be interpreted only upon the basis of a decrease 
(followed by a rise) in the rate of production of phosphoric acid 
during the morning, or, what is perhaps more probable, although 
its effect on the composition of the urine might well be the same, 
by an active retention of phosphate (phosphoric acid or primary 
phosphate), which later in the day is “released.” 


TABLE VI. 
Phosphate Excretion between Midnight and Noon. 
Experiment 44. Fasting since 2 p.m. 100 cc. of water every 2 hours. 


Urine (per hour). 
Time. 
Volume. pH Inorganic P. 

ce. mg. 
12— 2 a.m. 102 5.60 33 .0 
2-4 “ 123 5.65 31.0 
4-6 “ 33 5.45 28.4 
6-8 “ 32 5.60 18.7 
8-10 “ 71 5.80 17.1 
10-12 m. 52 5.50 15.6 


One experiment (Table VI) must be referred to again because 
of its bearing on the possible validity of this interpretation. In 
this experiment, which continued from midnight until the next 
noon, no food having been taken since 2 p.m., it will be seen that 
the phosphate output underwent only a gradual drop between 
midnight and 6 a.m., but then fell suddenly in the next 2 hours. 
If the falling curve as a whole were to be accounted for solely on 
the basis of the gradual excretion of phosphate derived from the 
last meal, it would be difficult to explain this marked irregularity. 

The explanation (phosphate retention) that I have offered 
as the one most probable from the facts available is not estab- 
lished by the experiments now reported, nor do I believe that it 
will by ztself completely account for the situation. The problem 
is now being investigated in several directions with the hope of 
throwing more light upon it. 
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EXPERIMENTAL. 


Most of the figures given for inorganic phosphate were ob- 
tained with the colorimetric method of Bell and Doisy,?® which 
has proved to be quite accurate enough for the purpose at hand.?? 
The analyses in Experiment 25 and those preceding it in the 
series were made by the titration method recently described.?”? and 
this has been used also in many isolated instances as a check on 
the colorimetric method. The results have served to show?’ 
that the latter is entirely satisfactory, when an accuracy of about 
2 per cent is sufficient, under all the conditions met in these 
experiments, whether the phosphate excretion is high or low. 

Inorganic sulfate was determined by precipitation with ben- 
zidine after removing the phosphate;?®? ammonia by aeration 
(into 5 ce. of 0.02 Nn HCI diluted with water) followed by titration 
(methyl red); Cy and acidity in the manner described in the pre- 
ceding paper.?? 

The urines, immediately after collecting, were diluted to some 
convenient volume (most often 100 cc.) and the analyses begun 
immediately, except with samples obtained late in the day, 
which were preserved over night with chloroform in the cold 
room. The sulfate determinations were sometimes all post- 
poned until the following day, but the phosphate was then re- 
moved (with magnesium carbonate, etc.) while the urines were 
fresh; the alkaline filtrates resulting keep for some time. 


26 Bell, R. D., and Doisy, E. A., J. Biol. Chem., 1920, xliv, 55. 
27 Fiske, C. H., J. Biol. Chem., 1921, xlvi, 285. 

28 Fiske, C. H., J. Biol. Chem., 1921, xlvii, 59. 

29 Fiske, C. H., J. Biol. Chem., 1921, xlix, 163 
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A BUFFER SOLUTION FOR COLORIMETRIC 
COMPARISON. 


: By T. C. McILVAINE. 
(From the Department of Soils, West Virginia University, Morgantown.) 


(Received for publication, September 23, 1921.) 


In the use of standard buffer solutions for colorimetric compari- 
son where more than a restricted range of reaction is required, 
it has been necessary in the past to make use of several solutions. 
The author has developed a system requiring but two stock solu- 
tions and covering a range of from pH 2.2 to pH 8.0 which ap- 
proximately includes the limits of reaction for arable soils and 
physiological media. The materials used are as follows: 0.2 m 
disodium phosphate! and 0.1 M citric acid, combined in such 
volumes as to make 20 cc. of the mixture. 

The disodium phosphate employed was recrystallized three 
times. A 0.2m solution was prepared by titration against HCl, 
using methyl orange as indicator. Although the titration end- 
point was not distinct, the error in the resulting mixtures was 
usually not appreciable, seldom exceeding 0.01 pH. On account 
of the variable water of crystallization content of the phosphate 
salt? the stock solution was standardized by titration in order to 
have a reproducible method. Upon exposure to the air for a 
period of 2 weeks the water of crystallization of disodium phos- 
phate is reduced to 2 molecules. If, after exposure, a quantity 
of the salt is kept on hand in a closed container and the correct 
weight of the salt required to produce the proper concentration 
of stock solution determined by titration, it is possible at any time 
to make up.the stock solution by simply weighing out the salt. 
The citric acid was recrystallized at least twice before using. 


1 Molds may develop in phosphate solutions under suitable conditions, 
but this source of trouble has been obviated by Martin? by shaking the 
solutions with a little calomel for a few minutes and then filtering. 

2 Martin, C. J., Biochem. J., 1920, xiv, 98. 
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184 A Buffer Solution 


The 0.1 m stock solution was standardized by titration against 
NaOH solution which had been prepared with boiled water and 
protected from CO,. Barium hydroxide was also used as recom- 2 


TABLE I. 
pH required. 0.2m NaszHPO«. 0.1 M citric acid. 
cc cc. 
2.2 0.40 19:60 
2.4 1.24 18.76 
2.6 2.18 17.82 
2.8 3.17 16.83 
3.0 4.11 15.89 
3:2 4.94 15.06 | 
3.4 5.70 14.30 
3.6 6.44 13.56 
3.8 7.10 12.90 
4.0 7.71 12.29 
4.2 8.28 11.72 
7 4.4 8.82 11.18 
j 4.6 9.35 10.65 
4 4.8 9.86 10.14 
: 5.0 10.30 9.70 
5.2 10.72 9.28 
5.4 11.15 8.85 
3 5.6 11.60 8.40 
q 5.8 12.09 7.91 
4 6.0 12.63 7.37 | 
6.2 13.22 6.78 i 
6.4 13.85 6.15 
6.6 14.55 5.45 
6.8 15.45 4.55 
7.0 16.47 3.53 
7:2 17.39 2.61 
7.4 18.17 1.83 
7.6 18.73 1.27 | 
7.8 19.15 0.85 
8.0 19.45 0.55 


mended by Sorensen and given by Clark,* but sodium hydroxide 
was found to be as accurate and more convenient. The correct 
weight of citric acid required to make the stock solution can also | 


be determined by titration. 
3’ Clark, W. M., The determination of hydrogen ions, Baltimore, 1920. 
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The pH values of the mixtures were determined electrometri- 
cally by use of the chain; Hg| HgCl|NKCL| saturated solution 
of KC]| He | Pt. No allowance was made for liquid potential. No 
attempt was made to maintain a constant temperature. How- 
ever, the temperature of both calomel electrode and buffer solu- 
tion were taken into account in computing the pH values. Clark’s?® 
extension of Sorensen’s values for the normal calomel electrode 
was used with the necessary interpolations. Three extra calomel 
electrodes were employed for checking the accuracy of the one in 
general use. A Leeds and Northrup type K potentiometer and 
type R sensitive galvanometer were used for making the elec- 
trometric measurements. The electrode was of the platinum 
wire variety. The hydrogen was generated electrolytically and 
passed first through an acid permanganate solution, next through 
a hot tube, and finally through a wash bottle containing distilled 
water. 

A graph was constructed in which the pH values (determined 
electrometrically) of various mixtures of phosphate and citric 
acid solution, so arranged that the total volume was in all cases 
20 cc., were plotted against the volumes of the two solutions. 
By interpolation, using the curve so obtained, it was possible to 
arrive at the proper volumes of the two solutions which when 
mixed would give 20 cc. of a solution having any desired reaction. 
The values given in Table I were obtained in this way and checked | 
by actually preparing the solutions and measuring the pH values 
by the electrometric method. In all cases the variation of the 
observed from the calculated pH was 0.01 or less. 

Fig. 1 gives the titration curve for the foregoing system of 
buffers. For comparison, there is also given the titration curves 
of well known standard buffer solutions.’ 

The shape of the phosphate-citric acid curve of Fig. 1 indi- 
cates that the mixtures are well suited for colorimetric determina- 
tions of pH. 
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THE CALCIUM CONTENT OF BLOOD PLASMA AND 
CORPUSCLES IN THE NEW-BORN.* 


By MARTHA R. JONES. 


(From the Department of Pediatrics, University of California Medical School, 
San Francisco.) 


(Received for publication, August 28, 1921.) 


In a recent communication by Jones and Nye (1) the distribu- 
tion of calcium and phosphoric acid in the blood of normal children 
was reported. As found in that series of observations the average 
calcium content of the blood of normal children ranging in age from 
4 weeks to 14 years was as follows: whole blood, 9.4 mg. per 100 
cc.; corpuscles, 8.7 mg.; and plasma, 10.0 mg. So far as we are 
aware, no data have been published on the calcium content of 
plasma and corpuscles in the blood of the new-born. The obser- 
vations herein reported on the calcium content of whole blood, 
corpuscles, and plasma in infants ranging in age from 4 hours to 
12 days are a continuation of the calcium-phosphorus studies 
previously reported from this department. 


Technique. 


Lyman’s (2) nephelometric method was used, the technique 
described by Jones and Nye being employed except in a few minor 
details. In previous work in this laboratory the plan of checking 
our technique by making determinations on whole blood, cor- 
puscles, and plasma and comparing the actual whole blood value 
with that found by calculation from its component parts was 
adopted and followed in this series of observations. The blood 
was taken by means of syringe from the superior longitudinal 
sinus about 4 hours after feeding. Approximately 15 cc. were 
collected, 1 drop of a saturated solution of sodium citrate to 5 cc. of 
blood being used to prevent coagulation. As a precaution against 


* Part of the expense of this investigation was borne by a grant from 
the William H. Crocker fund for research in pediatrics. 
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an exchange of ions between the corpuscles and plasma, the portion 
of blood to be used for these determinations (10 cc.) was introduced 
quickly through a short piece of glass tubing into a graduated tube 
containing 2 drops of the citrate solution and 1 ce. of paraffin oil 
was stirred gently, and centrifugated immediately. When more 


TABLE I, 
Calcium Content of the Blood of Normal Infants from Birth to 12 Days of Age. 


nation hemato- pe : 
Sex. Age. included crit oe 
days per cent mg. mg. mg. 
Boys. Q-2 HY 55.1 8.7 5.8 12.1 
2-4 6 50.5 8.9 5.4 12.3 
4-6 6 49.1 8.8 5.4 12.3 
6-8 6 45.7 9.0 5.2 12.3 
8-10 6 47.2 8.9 5.1 12.3 
10-12 6 40.8 9.4 5.0 12.° 
Average........... Q-12 35 48.6 9.0 5.3 12.3 
Girls. 0-2 6 54.8 8.2 4.9 12.2 
2-4 49.2 8.5 4.9 12.0 
4-6 5 49.0 8.6 4.7 12.2 
6-8 5 45.7 8.8 4.7 12.3 
8-10 6 43.9 8.9 4.5 12.1 
10-12 5 42.8 9.1 4.7 12.5 
Average........... 0-12 33 47.4 8.7 4.7 12.2 
Boys and girls. 0-2 11 55.0 8.4 5.4 12.2 
2-4 12 49.9 8.7 5.2 12.2 
4-6 11 49.1 8.7 5.1 12.3 
6-8 11 45.7 8.9 5.0 12.3 
8-10 12 45.5 8.9 4.8 12.3 
10-12 11 41.9 9.3 4.9 12.4 
Average........... 0-12 68 48.0 8.8 5.0 12.3 


than one determination was made on an individual, the same 
centrifuge tube was used each time and the hematocrit reading 
carefully taken, due allowance being made for the amount of 
citrate solution which was added. Each sample of blood was 
analyzed immediately after collection. 
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After a few analyses according to the procedure described by 
Jones and Nye the calcium content of the corpuscles was found 
to be so low that it was necessary to change the dilution in order 
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Fic. 1. Graphic representation of the calcium content of the blood of 
normal infants from birth to 12 days of age. 


to obtain satisfactory nephelometric readings with the standard 
used. 3 cc. of corpuscles were laked with an equal volume of 
distilled water instead of 9 ec. and 5 cc. of the 1:1 dilution were 
added to 20 cc. of the trichloroacetic acid solution. Determina- 
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tions were made on washed and unwashed corpuscles, and since 
the differences between the values obtained were insignificant, 
washing with 0.9 per cent NaCl was discontinued. 68 determina- 
tions were made on 22 infants, 12 boys and 10 girls. In 12 cases 
the first sample of blood was taken as soon after birth as possible, 
within 12 hours, and at intervals of 3 or 4 days thereafter until 
four analyses had been made. In 7 cases, the first sample was 
taken during the 2 to 4 day period, and in the remainder (3 cases) 
on the 9th day. 


TABLE II. 


Averages and Variations in the Calcium Content of the Blood of Normal 
Infants Ranging in Age from 4 Hours to 12 Days, and of Norma’ 
Children from 4 Weeks to 14 Years. 


Calcium per 100 cc. Red bl 7 

Whole blood.| Corpuscles. Plasma. ioe 
mg. mg. mg per cent 

"ane Infants........ 8.1 4.2 11.4 37.1 
Children....... 5.6 5.2 5.5 30.1 

8.8 5.0 12.3 48.0 
6°'\ Children....... 9.4 8.7 10.0 38.2 

Hich Infants........ 10.3 6.9 — 13.2 64.5 
Children.......! 12.4 12.0 12.4 44.0 


The results of the analyses are given in Table I and Fig. 1. 

For convenience in comparison, averages and variations in the 
calcium content of the blood of infants and older children are 
given in Table II. 


DISCUSSION. 


An examination of Tables I and II shows that the average 
calcium content of blood plasma is higher in the new-born than 
in older children. This is in agreement with the findings of 
Meigs, Blatherwick, and Cary (3) who showed that in heifers the 
calcium content of plasma is highest at birth and tends to become 
lower with advancing age up to 6 months. The value for whole 
blood (8.8 mg. per 100 ce.) is slightly less than that (9.5 mg.) 
reported by Brown, MacLachlan, and Simpson (4) in normal 
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infants under 1 year of age, while the average content of corpuscles 
(5.0 mg.) is markedly less than that (8.7 mg.) found by Jones 
and Nye in older children. It is interesting to note (Table I) 
the constancy of the plasma values throughout the series, the 
average for each period varying less than 0.4 mg. per 100 ce. 
from the general average. Apparently in man the drop in the 
plasma content does not occur during the first 12 days of life. 
In general, the corpuscle values tend to decrease slightly during 
the first few days, the difference, however, in the majority of 
cases was well within the limits of experimental error of the method 
and much emphasis should not be laid upon it. On the other hand, 
there is a tendency for the whole blood values to increase. 
This is what one would expect with relatively constant values 
for plasma and corpuscles and a marked decrease in the percentage 
of cells. As Jones and Nye found in older children, the calcium 
values in the new-born tend to run higher in boys than in girls. 
The significance of this difference is not understood. 

Probably the most interesting feature of the hematocrit curves 
is their step-like character. This is shown most strikingly in the 
general average. The sudden rise in the boys’ curve in the 
fifth period can be accounted for by the very high percentage 
of cells in one infant, from whom the first sample of blood was 
taken on the 9th day. A few preliminary observations on the 
fate of the red blood cells during the first few days of life indicate 
that the decrease in the percentage of corpuscles is due to a relative 
increase in plasma volume rather than to a destruction of the cells 
themselves. Work on this subject is now in progress. 


SUMMARY. 


A series of observations on the calcium content of the blood of 
normal infants ranging in age from 4 hours to 12 days is reported. 
68 determinations on 22 infants, 12 boys and 10 girls, were made, 
the average values being as follows: whole blood, 8.8 mg. per 
100 cc.; corpuscles, 5.0 mg.; and plasma, 12.3 mg. The average 
for plasma is higher than that reported in older children while 
corpuscle and whole blood values are less. 

The 12 days included in the series of observations were divided 
into six periods of 2 days each, and the results of the analyses made 
during each period averaged and plotted. The plasma values 
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remained constant throughout, while there is a tendency for the 
corpuscle averages to decrease and those of whole blood to increase. 
The average percentage of red blood cells dropped from 55 to 


41.9 during the 12 day period. 


To Dr. Bradford F. Dearing of the hospital staff I wish to 
express my sincere thanks for his interest and cooperation through- 
out this investigation. 
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OBSERVATIONS ON BLOOD FAT IN DIABETES. 


By N. R. BLATHERWICK. 


(From the Chemical Laboratory of the Potter Metabolic Clinic, 
Cottage Hospital, Santa Barbara.) 


(Received for publication, August 30, 1921.) 


The former conception that diabetes is the result of a deranged 
carbohydrate metabolism is now known to be only a partial truth. 
It is today recognized that the metabolism of carbohydrate is 
faulty; also the utilization of fat and protein. 

The metabolism of fat in this condition is particularly interest- 
ing and any study of the factors entering into the incomplete 
combustion of fats leading to ketonuria is desirable. As a result 
of the investigations of Bloor (1916), and of Joslin, Bloor, and 
Gray (1917), the extent of the increase of blood lipoids in diabetes 
has been demonstrated. Their data revealed that the greatest 
increase was in total fatty acids, secondly in cholesterol, and 
lastly in the lecithin fraction. This pioneer work with the satis- 
factory method of Bloor is of fundamental importance in arriving 
at a better understanding of the behavior of fats in diabetes. 

Newburgh and Marsh (1920) have recently suggested a new 
method of treatment of diabetes, designed to overcome the 
undernutrition incident to the Allen and other similar diets. 
Accordingly, a low protein, low carbohydrate, high fat diet 
is advocated by these authors who reported seventy-three cases 
to have been successfully treated by this method. Their criteria 
of success were (1) a sugar-free urine; (2) no acidosis; (3) nitro- 
gen balance maintained; and (4) capability of resuming the 
ordinary activities of life. Their diet is so constructed that it 
contains about 0.66 gm. of protein per kilo of body weight. This 
system although revolutionary in character, offered obvious 
desirable features if workable, and has been given a thorough 
trial in this Clinic. If the high fat diet does in fact allow the 
patient to be free from the acetone bodies, this should also be 
reflected in a constancy of values for blood fat. 
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194 Blood Fat in Diabetes 


Methods. 


Total blood fat (fatty acids plus cholesterol) was determined 
by the method of Bloor (1917), the methods of Folin and Wu 


Patient B 


Response to incomplete 
Per Cent Fasting 
2.80 - Blood Fat 
2.50 - 
2.20 - 
1.90 
1.60 
1.50 
1.00 
0.70 


i i i i 


Blood Sugar 
0.30 

0.25 4 

0.20 

0.16 

0.10 4 


Diet in Grams 
Carbohydra 
te 


4 


2 


lo 


Admission 


9/8 9/10 9/13 


CuartT 1. Male, 22 years of age. Sugar discovered in urine July, 
1920. Best weight 145 pounds: now (Sept. 8, 1920) 79 pounds. Admit- 
ted on verge of coma. Sept. 8, 1920, he excreted 111 gm. of sugar. The 
urine of this date showed a + + + acetone and + diacetic reaction. 
The urine of Sept. 12 contained 18.6 gm. of sugar and was negative for 
acetone bodies. Lipemia was present in the first blood drawn. 


(1920), and later of Shaffer and Hartmann (1920-21) were used for 
blood sugar determinations. All blood samples were taken in 
the postabsorptive condition before breakfast. 
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Patient W Non-effect of food fat upon blood fat 


Blood Fat 


0.25_ 

Blood Sugar 
0. 20_ 
oO. 


in Carbohydrate 
Protein 


Fat 


150_ 


120 


Non-effect of food fat upon blood fat 


2/14 2/21 3/8 3/14 3/21 3/28 4/l1¢ 


Cuart 3. Male, age 49. Diabetes complicated with chronic pulmonary 
tuberculosis, chronic arthritis, and chronic nephritis. Diabetes of 4 years 
duration, with resultant loss in weight from 194 to 120 pounds. When ad- 
mitted Feb. 10, a 12 hour specimen of urine contained 7.1 per cent glucose 
(119 gm.). The sugar excretion of this patient was 6.1 gm. on Feb. 14. 
He was sugar-free thereafter. A+ + + acetone reaction was obtained on 
the above date and none or mere traces afterwards. Blood fat values in 
this case are also not much above normal. 


Per Cent | 
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Explanation of Charts. 


In the charts are given percentage values for blood fat and 
blood sugar, and the diet in grams of carbohydrate, protein, and 
fat for the day preceding the blood sample. The diet was often 
constant over a long period, as will be seen by reference to the 
charts. Any supplementary data will be found in the legend of 
each chart. 


RESULTS. 


Chart 1 shows the response of a severe diabetic to partial 
fasting, such a restriction in diet as is generally prescribed 
when a patient exhibits marked ketonuria and lowered alkali 
reserve. In the course of 5 days, the values for blood fat and 
blood sugar are seen to have nearly reached the normal levels. 
The CO, capacity on admission was 26.5 cc., which became 
74.8 cc. per 100 cc. of plasma on the last day charted. The drop 
in blood fat here found is not always to be expected. Bloor 
(1914) showed that the blood fat of fasting dogs may decrease 
or increase, depending upon the original nutritive condition of 
the animal. Probably the result here shown is the ordinary 
response of a hyperlipemic individual to such a restriction in diet. 

Charts 2, 3, and 4 show the behavior of blood fat and blood 
sugar of patients living on diets similar to those recommended by 
Newburgh and Marsh. The outstanding feature is the con- 
stancy of values for blood fat with increasing amounts of fat 
in the diet. This indicates that these patients were utilizing 
the large amounts of fat in a satisfactory manner. 


SUMMARY. 


A study of blood fat in relation to the fat in the diet shows 
that cases of mild and moderate diabetes are apparently able to 
utilize satisfactorily large amounts of fat, as indicated by con- 
stancy of the blood fat level and by the absence of acetone bodies 
in the urine. It remains to be learned whether or not such high 
fat diets continued for a considerable period will prove to be an 
overstrain on the fat burning mechanism. 
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LIPEMIA. 


By W. R. BLOOR. 
(From the Department of Biochemistry and Pharmacology, University of 
California, Berkeley.) 
(Received for publication, September 28, 1921.) 


The blood plasma in the postabsorptive period is normally 
clear although containing appreciable amounts of material of 
a fatty nature which is insoluble in water—cholesterol, choles- 
terol esters, lecithin, and probably also some fat. The introduc- 
tion of more fat into the blood, whether by feeding or by mobili- 
zation from the fat stores, generally produces a milkiness nor- 
mally lasting only a few hours, but which in certain conditions, 
mainly pathological, persists for considerably longer periods. 
The milkiness of the plasma is termed lipemia. In human beings 
the plasma contains normally 0.5 to 0.8 gm. of lipoid per 100 ce. 
and lipemia ordinarily appears when values above these figures, 
but generally below 1 gm. per 100 cc., are reached. In diabetics, 
values above 1 per cent with clear plasma are often found (1) 
and occasionally remarkably high values are reached, as in Case 
H in Table I, where a value of 4.35 gm. of total lipoid per 100 cc. 
with clear plasma was found. Allen (2) has recently reported a 
case of hepatic cirrhosis with ‘‘total fat’’ values of 3.63 per cent 
with clear plasma, and similar cases of ‘‘masked”’ lipemia have 
been frequently noted in the literature (3). The masking may 
be an unstable condition, since on standing for a time (24 to 48 
hours) milkiness may develop in a plasma which was clear when 
drawn.! This latter phase of the subject, although interesting, 
has been very little investigated and will not be dealt with in 
the present discussion, which will be confined to lipemia as de- 
fined above—a more or less prolonged milkiness of the plasma. 


Alimentary Lipemia. 


During the absorption of fat from the intestine the fat of the 
blood of most animals increases and eventually a more or less 


1 Bloor (1), p. 429. 
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pronounced lipemia is produced, the extent of which depends on 
several factors, of which the most important are probably the 
rate of absorption from the intestines and the rate of disappear- 
ance from the blood. The rabbit is unique among the ani- 
mals investigated in that lipemia apparently cannot be pro- 
duced in it by fat feeding (4). There can be no question about 
the absorption of fat in these animals and the explanation of the 
non-appearance of lipemia must lie in the fact that the rate of 
disappearance from the blood is equal to or greater than the 
rate of absorption. In most animals if the increase of fat in 
the blood is considerable, it is followed by increases in the other 
blood lipoids. ‘There is an increase of lecithin (5 to 8) and some- 
times also of cholesterol (6), although the latter is not always 
found (7), which may be explained by the observation that the 
increase in cholesterol often does not appear till late in the 
period of absorption (9). There appears to be a definite se- 
quence in the changes in the three lipoids in the blood during 
fat absorption—the presence of fat if sufficiently large in amount 
or sufficiently persistent causing an increase of lecithin, and this 
in turn is followed by an increase in cholesterol. However, as 
was pointed out by Bang (10), animals vary a great deal both 
in their reaction to ingested fat (production of lipemia) and in 
the effect which fat in the blood has on the other blood lipoids, 
and it is not always possible to demonstrate these changes. Hueck 
and Wacker (11) have found that prolonged feeding of choles- 
terol may also produce a lipemia (rabbits) with secondary in- 
creases of lecithin and fat. 

In the study of the blood in alimentary lipemia, examination 
in most cases has been confined to the plasma but in the few 
instances where the distribution of the lipoids between plasma and 
corpuscles has been studied (8) increases of lecithin and fat have 
been found in the corpuscles as well, in fact the main increase of 
lecithin in the blood has been found there. This participation of 
the corpuscles in the utilization of fat appears to be only tempor- 
ary since in the persistent lipemia noted below the corpuscles 
appear to have little or no part. | 


Persistent Lipemia. 


The lipemia produced by a single fat feeding normally dis- 
appears within 24 hours and persistence after this time is prob- 
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ably to be regarded as pathological. (This statement cannot 
apply, of course, to instances where the ingestion of fat is more 
or less continuous—as in suckling animals or in animals sub- 
jected to forced feeding for fattening or other purposes, in both 
of which the lipemia may be continuous.) By far the greatest 
number of cases of persistent lipemia have been found in diabetes, 
although nephritis and chronic alcoholism furnish some examples. 
In this condition when examinations of lipoids other than fat 
have been made it was found that both lecithin and cholesterol 
were increased along with the fat—that there was a “‘lipoidemia”’ 
along with the lipemia (12). Since the discovery by Boggs 
and Morris (13) that a high grade lipemia can be produced in 
rabbits by bleeding, considerable study has been devoted to this 
type of lipemia and the data obtained are of especial value since 
the lipemia has been followed throughout its whole course 
(14, 15). In hemorrhagic lipemia also, all the blood lipoids 
are found to be increased. 

The purpose of the present paper is to present additional data 
on the blood lipoids in persistent lipemia especially that of diabetes 
and of hemorrhage, and to discuss this and earlier data with 
the idea of reaching some conclusions as to the mechanism and 
probable cause of persistent lipemia, and its relation to normal 
fat metabolism. 

The Lipemia of Diabetes—In diabetes, under the older forms 
of treatment, persistent lipemia was a common phenomenon and 
it was early recognized that the milky appearance of the plasma 
was due to ‘‘fat.”’ As to the nature of this fat very little was 
known until the beginning of the present century when Fischer 
(3) found that it contained abnormally large amounts of choles- 
terol, a result which Klemperer and Umber (16) confirmed, and 
noted in addition that the content of lecithin was also high. 
Investigators since that time have in general confirmed these 
findings although not always (17). Examination of the blood of 
diabetics without visible lipemia (blood plasma clear) has shown 
that all the blood lipoids are generally abnormally high es- 
pecially in the severer cases (1), so that the diabetic may be 
said to be predisposed to that disturbance of fat metabolism 
of which the visible sign is lipemia. Up to the present time the 
data on blood lipoids in diabetes have been obtained by the 
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analysis of single samples and no attempt has been made to 
follow the course of the lipemia by examination of repeated 
samples taken during the course of the lipemia. It was felt 
that such a study would be of value not only from its relation to 
fat metabolism but also as a basis for the rational treatment of 
such abnormal conditions. Satisfactory material for examina- 
tion is not readily obtained and the author is greatly indebted 
to Drs. E. P. Joslin and A. A. Hormor of Boston for supplying 
not only blood samples taken under necessarily exacting condi- 
tions but also for furnishing other data of interest. The methods 
used were the published ones for total fat, cholesterol, and leci- 
thin, and need not be given here. The results of the analyses 
are given in Table I. For purposes of comparison the normal 
average values for blood lipoids in man are given at the top of 
the table also, and in the case of Subject Cl, the analysis of a 
blood sample taken some time previously when his blood plasma 
was clear. 

Discussion of Table I.—The first case presented is the most inter- 
esting, both because the lipemia is the most pronounced and because 
it has been more extensively studied than the others. The patient 
was a severe diabetic, who had been under observation.and careful 
dieting for some time. On June 10th he broke diet, eating among 
other things large amounts of milk and cream. On June 12th the 
first sample of blood was taken, the patient meantime having 
taken no food since the time of breaking diet. In this first 
sample is to be noted the very high values for all the lipoids, the 
total lipoid being approximately eight times his own normal 
value and fourteen times the average for normal men, while 
lecithin is approximately four and cholesterol eight times the 
values found in normal men. The greatest increase is thus 
in the fat, as has always been found to be the case in lipemia. 
Other notable points are the low corpuscle percentage (diabetic 
lecithin The high 


anemia) and the low values for the ratio 


cholesterol | 

urinary ammonia and the low carbon dioxide tension in the 
alveolar air are also significant. (The data in the last column 
were supplied by Dr. Joslin.) The next two samples taken 
June 14th and 15th show higher values for the lipoid constituents, 
the total lipoid value on the latter date reaching its maximum of 
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about 13 per cent. Whether these higher figures represent an 
actual increase in the fatty matter of the blood (which could 
come only from the fat stores, since no fat and very little food of any 
kind was taken), or whether it is due to a concentration of the 
plasma is open to question, but might well be the latter, since 
the blood corpuscle percentage in the last sample was 39, an 
increase of about 33 per cent over that of the first sample taken, 
(29 per cent). The lecithin in the last (third) sample is five times, 
cholesterol nine times, and total lipoid twenty times the values 
for normal men. In succeeding samples the total lipoid (plasma) 
diminishes rapidly, the lecithin less rapidly, and the cholesterol 
relatively slowly, showing that the fat is the first to decrease 
as it was first to increase, the lecithin next, and the cholesterol 
last. In the last sample examined, taken about a month after 
the beginning of the lipemia, the lecithin value was still about 
30 per cent, the cholesterol about 60 per cent above, and the 
total fatty acid over 100 per cent above the normal values for 
thisman. Although the plasma was now clear, calculated values 
for fat (fatty acid not combined as lecithin or in cholesterol 
esters according to the usual assumptions) in the plasma of the 
last sample gives a value of over 0.5 per cent which, since that 
amount of free fat would result in milkiness, indicates that the 
fat or fatty acid exists in the blood in some form of combination 
other than those ordinarily believed to be present. Lean 
Cholesterol 
in plasma is also much above the normal due to the slow rate of 
disappearance of the cholesterol. The addition of fat to the 
diet toward the end of the lipemia and increasing its caloric 
value did not cause any increase in the lipemia (with the possible 
exception of cholesterol) which continued to diminish about 
as before. 

In the second person studied (Subject Sc) much the same phe- 
nomena are observable. The beginning high values for total 
fatty acids, lecithin, and cholesterol diminish slowly during the 

lecithin 
cholesterol 
{except in Sample 566) much below normal, and the calculated 
value for fat in the clear plasma of the final sample (about 0.5 
per cent) indicates as before the presence of unknown compounds 


3 weeks of observation; the values for the ratio 
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of fat or fatty acid. A similar parallelism between corpuscle 
percentage (concentration of plasma) and lipoid values as in 
Subject Cl may be noted here also—when the corpuscle per- 
centage is low (dilute plasma) the lipoid values tend also to be 
low, and vice versa. 

In the third person studied (Subject Ra) the total fatty acids . 
and lecithin diminish regularly in the week of observation, the 
lecithin more slowly than the fatty acid, while the cholesterol 
remains practically unchanged, resulting in regularly diminish- 

lecithin 
cholesterol 
_ The fifth case is remarkable because of the very high lipoid 
values throughout. Even when the plasma is clear as in the last 
sample, the total lipoid content is over 4 per cent, an extraordinary 
value for clear plasma, which is, however, paralleled by the values 
for lecithin (1 per cent), cholesterol (1.4 per cent), and to a less 
extent by the calculated value for fat (1.5 per cent). In the 
period of observation, lasting about 2 weeks, the lecithin in- 
creased after the first sample and remained constant at the 
high value while the cholesterol, beginning high diminished 
slightly. This person differs from the others and especially 
from Subject Cl in that the lipemia was probably of long standing. 

The values given in Table I for the corpuscles are calculated 
from values for whole blood and plasma, taking into account the 
corpuscle percentage. They are, therefore, probably less accurate 
than the directly determined values and great emphasis cannot 
be placed on them. Such as they are, however, they indicate 
that the corpuscles take some part or are to some extent affected 
by the changes in the lipoid values of the plasma. The changes 
in value are much less marked and lasting than those of the 
plasma, although too great to be accounted for by small amounts 
of plasma existing as impurity in the corpuscle mixture after 
separation. On the other hand, they do not indicate that the 
corpuscles take the active part in lipoid metabolism observed 
in alimentary lipemia. ; 

The Lipemia Produced by Hemorrhage.—That lipemia may be 
produced by extensive bleeding was first demonstrated by Boggs 
and Morris in rabbits (13). The amount of bleeding necessary 
and the time required to produce the lipemia varied with dif- 


ing values for the ratio 
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ferent animals but the end-result was always a pronounced milki- 
ness of the plasma with total lipoid values up to 4.5 per cent 
(about twenty times the normal value for rabbits). They found 
the lecithin values to be much increased, but not the cholesterol. 
The fatty acids contained in the lipoids were of high iodine value 
(I. N.=105). Sakai (4) repeated and confirmed the findings 
of Boggs and Morris but found the cholesterol values also much 
increased. What is of further interest in connection with Sakai’s 
work is that while, as reported in the literature, alimentary 
lipemia could not be produced in normal rabbits (a finding con- 
firmed by many experiments in this laboratory), it could be 
demonstrated in certain of the rabbits from which 13 to 20 ce. 
of blood had been drawn for 5 successive days. Horiuchi 
(14) has recently contributed extensive and detailed data on 
this type of lipemia making use of methods requiring but small 
amounts of blood, so that the whole progress of the lipemia, at 
least as regards changes in the blood lipoids, was studied day by 
day from its rise to the return of the lipoid values to normal. 
Since his work furnishes the best picture of the condition at 
present available, it is worthy of more extended comment. As 
the result of his experiments Horiuchi concludes that (1) the 
lipemia is never a phenomenon of fat alone—there are always 
corresponding increases of cholesterol and lecithin, which, how- 
ever, are never as great as those of the fat; (2) the actual lipemia, 
in the sense of milkiness of the plasma, is of relatively short 
duration, but high values for cholesterol and lecithin persist 
for a longer time. Thus in Rabbit A, plasma values for lecithin 
and cholesterol continued above normal for 6 days after the 
plasma was clear of visible fat. (3) Increases in lipoid values 
in the corpuscles are relatively small although they may persist 
for a long time. Thus in Rabbit A, high values for lecithin and 
cholesterol in the corpuscles persisted for 16 days after the plasma 
had become clear. (4) The lipemia occurs whether the animal 
is on a low or a high fat diet but is produced more readily and 
lasts longer on the high fat diet. Further observations that may 
be made on these experiments are that the general sequence of 
increases of the lipoids is first fat, then lecithin, and finally cho- 
lesterol, and in the decrease, the fat diminishes first, the lecithin 
next, while the high cholesterol values persist longest. In most 
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of his experiments the values for the ratio secre decrease 
cholesterol é 


as the experiment proceeds, although in some experiments the 
early values may be above the beginning value, and in others 
the value for the ratio is higher throughout the experiment than 
at the beginning, which would indicate that there may be a 
limit to the possibility of increase of cholesterol. Feigl (15) 
began a study of the same condition using the same methods but 
his work was interrupted by the publication of Horiuchi’s results. 
He contributes a study on three animals with results that con- 
firm those of Horiuchi. In addition he presents data on blood 
lipoids in several cases of extensive hemorrhage in human beings 
in which he finds similar changes in the blood lipoids (see further 
reference below). 3 

As part of a study of the effects of severe hemorrhage on rabbits 
made for another purpose (18) examination was made of the 
blood lipoids in the lipemia produced. A similar study was made 
on dogs under the same conditions but with the result that in 
three experiments with extensive bleeding it was found impossible 
either to produce lipemia or even to change appreciably the 
blood lipoid values. Results of four of the rabbit experiments 
and of the one dog experiment in which even slight changes in 
the blood lipoids could be produced are given in Table II. The 
methods used were for lecithin the same as in the previous work, 
for total fatty acids and cholesterol a new method, shortly to be 
published, by which separate and direct determinations of these 
two substances are made. The values for cholesterol by the 
new method are practically the same as by the older saponifica- 
tion methods, those for total fatty acids are considerably lower 
than by the old indirect method. The values for corpuscles are 
by direct determination instead of by calculation as in Table I. 

Discussion of Table II.—The results of the rabbit experiments 
confirm the conclusions of Horiuchi in most points. In the 
plasma there is always a lipoidemia accompanying the lipemia 
and it persists for some time after the visible lipemia (milkiness 
of plasma) has disappeared. In all the experiments the plasma 
lecithin increases before the cholesterol. The values for the 


ratio tar are less at the height of the lipemia than at the 
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beginning in three out of four experiments. In Rabbit B the 
values at the height of the lipemia are much higher than at the 
beginning, but in this case the values for the ratio were very 
low (for rabbits) at the beginning. In general much more 
marked increases in the lipoid values of the corpuscles are to be 
noted in these experiments than in those of Horiuchi. These 
are most marked in the lecithin, the cholesterol often showing 
relatively little change and the total fatty acid still less. 

In the dog, even with a reduction of red blood corpuscles from 
45 to 13 per cent of the blood, no definite lipemia could be pro- 
duced and the only marked change in the blood lipoids to be 
noted was in the lecithin which was considerably increased in 
both plasma and corpuscles. Values for cholesterol and total 
fatty acids remained quite constant. It is significant that the 


ratio oe is consistently above normal throughout the 


cholesterol 
bleeding in the dog, while in the animals in which lipemia is pro- . 
duced by bleeding it is almost always below normal which relates 
the low values of the ratio to the lipemia and not to the bleeding. 
Another feature of importance is that lecithin is more markedly 
increased than fat or cholesterol which emphasizes a point ob- 
served in earlier (unpublished) work, that slight or transient in- 
creases of fat may bring about an increase of lecithin without any 
change in cholesterol. 

In order to show more plainly the features characteristic of 
lipemia and to compare lipemia of different origin, data from this 
paper and from various other sources are collected together into 
Table III. - Values for plasma alone are given since differences 
from the normal are most plainly seen there and the values chosen 
for comparison are those taken at the height of the lipemia. The 
value for the constituent in the normal condition, or in case 
this has not been determined, the normal value for the species, 
is taken as 1 and the values found are reported as multiples or 
fractions.of 1. 

Discussion of Table IIIJ.—A study of the data presented in 
Table III brings out the following regarding lipemia. (a) In 
all the types of lipemia there is always an increase of lecithin 
and cholesterol as well as fat. (6) At the height of the lipemia 
the greatest increases are to be noted in the fat, the next in the 
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cholesterol, and the least in the lecithin. As a result of the greater 


increase of cholesterol the ratio — is generally below 
cholesterol 


the normal value. In most of those cases where the ratio is 
above the normal value it sinks to normal or below as the lipemia 
continues. The outstanding characteristics of persistent lipemia 
of whatever origin are then: increases of lecithin and choles- 
terol along with the fat; and a greater increase of the cholesterol 


ratio below the 
cholesterol 


above that of lecithin resulting in a 


normal. 

The study of lipemia from the time it begins until it subsides 
(Tables I and II) brings out in addition the fact that after fat, 
lecithin is the first lipoid to increase in most cases, and cholesterol 
the last; which makes it possible to correlate persistent or chronic 
lipemia with the temporary lipemia produced in normal animals 
by feeding fat, since in this type of lipemia the sequence of changes 
in the blood lipoids is also fat, lecithin, cholesterol. However, 
as pointed out above, there are many exceptions; for example, 
‘increases of cholesterol in alimentary lipemia have never been 
demonstrated in this laboratory, possibly because the experi- 
ments have been too short. 

The Origin of the Fat in Persistent Lipemia.—Of the three 
possible sources, fat of the food, fat stored in the depots, and fat 
synthesized from other constituents of the food, the last may 
be eliminated from the discussion since we are entirely ignorant 
as to its amount or the conditions of its formation. With 
regard to the other two, both may be shown to be sources 
of the fat of lipemia and the importance of each varies with 
circumstances. In the examples of diabetic lipemia given in 
Table I, of the first and most striking it was known that the sub- 
ject had consumed large amounts of fat just before the appearance 
of the lipemia and frequent previous examinations of his blood 
made it probable that there was no lipemia up to that time. 
Allen (2) has furnished evidence to show that in dogs made 
experimentally diabetic persistent lipemia may be produced by 
overfeeding with fat. The possibility that the fat in diabetic 
lipemia may also come from the fat stores cannot be denied but 
in view of the fact that severe diabetics are thin and have little 
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stored fat such an origin does not seem important. The older 
argument (12, 16) that the fat in diabetic lipemia must originate | 
by cellular destruction, since the blood contains not only fat but 
lecithin and cholesterol, falls before the later observations that 
these lipoids increase with the fat in alimentary lipemia. The 
origin of the fat in diabetic lipemia appears to be mainly the fat 
of the food. 

With regard to hemorrhagic lipemia, Horiuchi found ‘that it 
may be produced on a diet practically free from fat and, therefore, 
the increased fat originated mainly in the fat depots, in which he 
is borne out by the observations of Boggs and Morris (13) that 
rabbits so treated become emaciated, and of Sakai (4) that in 
addition there was a marked fatty liver (which, however, is pro- 
duced whenever there is excess fat in the blood from any source). 
The extra fat in the blood in hemorrhagic lipemia may thus origi- 
nate mainly if not entirely in the fat stores. However, the 
work of both Horiuchi and Sakai make it plain that food fat 
when present may be equally effective in producing the lipemia.? 
The facts available thus point to the conclusion, which perhaps 
might have been expected, that persistent lipemia may be pro- 
duced by fat from either the fat depots or the food. 

The Origin of the Lecithin.—Because of its close chemical 
relationship to fat and the fact that it appears in the blood in 
alimentary lipemia there is little doubt that it is synthesized 
from fat and phosphoric acid. 

The Source of Cholesterol.—No stores of cholesterol are known 
in the organism which would account for the increase in the 
blood in lipemia. Both cholesterol and lecithin are found in food 
fats but ordinarily in traces only, so that it seems likely that the 
cholesterol is also synthesized. 

The Cause of the Lipemia.—An accumulation of fat in the blood 
could be ,brought about in only one way, an inflow greater than 
the outflow; and it must be decided in each case whether the 


2 One endogenous source of the extra fat in hemorrhagic lipemia which 
might be emphasized in this connection is the marrow of the long-bones 
which in youth is largely a blood-forming organ (red bone marrow) but 
which in the adult consists mainly of fat. With the stimulus of the severe 
hemorrhage new blood-forming tissue would be formed, pushing the 
fatty tissue out into the circulation. 
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inflow is abnormally great or the outflow abnormally small. 
Sakai, who has discussed the lipemia produced by hemorrhage 
in rabbits, assumed that in these cases it is the outflow which 
is less than normal and produces evidence to explain why the 
outflow is diminished. The method which he uses to prove his 
point—change in surface tension as measured by the stalagmo- 
metric method in a solution of tributyrin and blood serum—is 
open to criticism when used for the purpose on the following 
points: 

1. The presence in normal blood of amounts of lipase capable 
of splitting more than traces of fat in the period of time that 
fat remains in the blood in alimentary lipemia (8 to 14 hours) 
has never been satisfactorily demonstrated (19). 

2. Tributyrin is so much more easily hydrolyzed than ordinary 
food fat that its use as a measure of lipase activity is open to 
question. 

3. The assumption of a splitting as shown by changes in 
surface tension, although possibly correct, cannot safely be 
accepted without further evidence of hydrolysis—increase of 
free fatty acids, which Sakai was unable to obtain. Further- 
more, as pointed out by Sakai himself, his most marked changes 
were obtained before any lipemia appeared, while when the 
lipemia was at its height, values obtained were in many cases 
but little below normal. There was no constant relation between 
the degree of lipemia and the drop number. 

But quite aside from the acceptability of his evidence the ques- 
tion may be raised whether his assumption of a diminished out- 
flow in hemorrhagic lipemia is correct. Turning to Horiuchi’s 
tables, which give the best picture of the lipemia, in Table IB 
on the 9th day of the bleeding the total fatty acids in the plasma 
(which may be taken as the measure of the lipemia) jumps from 
0.32 to 3.07, remains high for 3 days and then falls on the next 
day to 0.51, the hemoglobin and, therefore, the red blood cor- 
puscle percentage remaining practically constant. In Tables II B 
and III B the same sudden rise and fall, but much less striking 
may be noted. In Table IV after a single large bleeding the 
plasma fatty acid rises from 0.25 to 0.66, is further increased by 
a second large bleeding to 1.24, and still further by a feeding of 
fat (sunflower seeds) to 2.15, but the day following it has fallen 
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to a third of this value (0.69) with a change in hemoglobin of 
only two points. In Rabbit A in Table II above the same sudden 
falling off, 640 to 350 to 140 mg. on successive days with cor- 
puscle percentage of 19.5 to 20 to 21 may be noted. In the case 
of the results from the other rabbits of this table data on this 
interesting point are not available. The examples chosen are 
purposely those in which the rabbits were on a fat-free diet so 
that the clearness of the results is not interfered with by the pre- 
sence of food fat, but the same rapid falling off, although not 
so marked, may be noted in his fat-fed rabbits where the data 
are sufficiently full. For example in his Table III A on the 4 
successive days from the height of the lipemia the figures are 
5.19 to 3.05 to 1.30 to 0.73. In the second part of this table the 
fall is from 5.35 to 2.25 in 3 days and from 2.25 to 0.38 in the 
next 3 days. The rapid fall in the blood lipoids does not bear 
out the assumption that the ability to remove fat from the blood 
is appreciably diminished in these animals and therefore renders 
gratuitous the explanation that the blood lipase is diminished 
by the bleeding. The fact pointed out by Sakai that an ali- 
mentary lipemia may be produced in rabbits which have been 
bled and not in normal rabbits, and which is supported by the 
data in Horiuchi’s Table IV, may be explained by the probability 
that the fat from the food added to the large amount already in 
the blood exceeds the quantity which even a normal animal may 
dispose of. The rabbit normally is not a fat-eating animal and 
its ability to handle fat, being therefore probably small, may be 
relatively easily overstepped. In this connection the data on 
the dog are especially useful. The dog can normally eat and 
quickly dispose of large amounts of fat and it is therefore signifi- 
cant that it is not possible to produce an unmistakable lipemia 
in him even by a hemorrhage by which the corpuscles are re- 
duced from 45 to 13 per cent as in Table II. Of further signifi- 
cance is the fact that in another of the dogs in which it was im- 
possible to produce lipemia by bleeding, when the corpuscle 
percentage was at its lowest (reduced from 32 to 13 per cent), a 
feeding of 50 gm. of fat produced a normal reaction, plasma 
milky at 6 hours after feeding and clear the next day.® 


3 Unpublished experiment. 
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It appears incorrect, therefore, to assume that the lipemia 
produced by hemorrhage in rabbits is caused by a decreased 
outflow of fat from the blood since fat disappears from the blood 
of these animals with considerable rapidity and probably at not 
far from the normal rate. The lipemia may be equally well ex- 
plained as due to the sudden discharge into the blood of quantities 
of fat larger than the normal mechanism can dispose of at once. 
Not knowing the normal rate of removal of fat from the blood it 
is, of course, impossible to exclude the possibility that there may 
be some slowing of outflow due to inanition of the tissues, etc., 
but in the lack of further data it is unnecessary to assume that 
the lipemia of hemorrhage in rabbits is due to anything more than 
larger influx of fat than the organism can take care of at once. 
As to the cause of the sudden mobilization nothing definite can 
be said. There is undoubtedly more or less cellular inanition 
which might cause a movement of stored food material, and the 
displacement of fat in the long bones by blood-forming tissue 
is an interesting possibility. 

Turning now to the lipemia of diabetes, in the first example 
given in Table I the high beginning values (which were known to 
be due to a single intake of foot fat) persist unchanged for 3 days 
(the apparent increase in value being probably due mainly to 
concentration of the plasma), in 5 days more are only reduced to 
about half the highest value and milkiness of the plasma persists 
for 15 or 16 days longer. In the second example the high values 
and the milkiness persist for about 17 days and in the last ex- 
ample for about 14 days. Other examples of the slow disappear- 
ance of the lipemia in human diabetes are to be found in the 
literature (20). Allen (21) has shown that in suitably pre- 
pared diabetic dogs it is easy to produce a persistent lipemia 
while in the normal animal it is difficult or impossible. That 
lipemia is common in diabetes has been known for over a cen- 
tury (3) and it is the only disease in which it is at all frequent. 
Taking all the evidence together the assumption seems justified 
that in the diabetic the ability to remove fat from the blood is 
below normal and that herein is to be found the explanation of 
the lipemia of diabetes. 

The commonly accepted theory of the cause of diabetes is the 
lack of a hormone normally found in the internal secretion of the 
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pancreas, and of which the function is the removal of excess 
sugar from the blood and its utilization or storing in the tissues. 
When this substance is lacking the excess sugar is lost in the 
urine. An extension of this theory to postulate the presence in 
the internal secretion of another hormone of which the function 
is to aid in the-removal of fat from the blood has already been 
made (21) and has the following in its favor. First, the observa- 
tion that persistent lipemia has always been commonest among 
diabetics; second, that lipemia may be readily produced in dogs 
made diabetic by removal of a suitable proportion of the pan- 
creas, while its production in normal dogs is practically im- 
possible; and third, that the blood lipoids in diabetics are almost 
always above normal, which may be regarded as evidence of 
diminished power to remove them. On the other hand, the 
deficiency of the hormone is probably never as great as that of 
the corresponding carbohydrate hormone since severe diabetics 
whose tolerance for carbohydrate is very low, do not ordinarily 
become lipemic, even with relatively large amounts of fat in 
their diet; in fact, they must depend largely on fat for their 
sustenance. Also, if it be taken for granted, as seems reasonable, 
that the appearance of persistent lipemia is equivalent physio- 
logically to the appearance of sugar in the urine, the lack of the 
fat hormone in suitable amounts is relatively infrequent. 

The factor of overwork must probably also be taken into 
consideration in examining into the cause of diabetic lipemia 
and possibly of other forms of lipemia. It is a biologic rule that 
a mechanism when worked within or up to the limit of its powers 
tends to become stronger, but when worked beyond its powers 
tends to fail. This principle is recognized in the treatment of 
diabetes by limiting the carbohydrate intake to an amount 
within the tolerance of the individual, in the expectation that 
by so doing the tolerance, or the amount which the individual 
may consume without waste, may be increased. It is well 
known that if this amount be exceeded the tolerance of the 
individual is likely to be lowered. There is very little evidence 
available to show that such is the case with regard to fat, but 
it seems probable. The most marked example of diabetic li- 
pemia presented in this paper was an individual who both before 
and after the lipemia was able to deal with considerable amounts 
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of fat in his diet without lipemia, but when a large amount was 
taken, the mechanism for utilizing fat to all appearances broke 
down and did not recover for a considerable time. 

It appears then that two types of lipemia are represented in 
the data given in this paper. One in which the ability to remove 
fat from the blood is little if any affected and in which the cause 
of the lipemia is to be sought rather in a flooding of the blood 
with amounts of fat greater than the normal mechanism can take 
care of at once. In this group are included the hemorrhagic 
lipemia of rabbits and probably also that of human beings, al- 
though enough data are not available to determine definitely 
about the latter. It is characterized by a rapid recovery as 
soon as the cause (the abnormal inflow of fat) is removed. In the 
other type, represented by the lipemia of diabetes, the cause of 
the lipemia is to be sought primarily in a diminished power to 
remove fat from the blood, referable to an inadequate supply 
of the pancreatic hormone, and secondarily to a temporary dis- 
ablement of the fat burning mechanism due to overwork, which 
is recovered from rather slowly. 

The behavior of lecithin and cholesterol in lipemia calls for 
some comment. It is probable that they have to do with the 
metabolism of the fat, since whenever the fat of the blood is 
increased they are also increased, and conversely, when the fat 
of the blood is low they are also low. In alimentary lipemia the 
changes follow the changes in the fat within a few hours. In 
‘persistent lipemia, although the increase of lecithin and choles- 
terol follows rather closely (within 2 days) the increase of fat, 
the values remain high after the fat has decreased to nearly 
normal and fall to near the normal value only after several days. 
Because of its close chemical relationship to the fats the change 
in lecithin calls for little comment, but why cholesterol, whose 
relationship to fat metabolism is rather remote (formation of esters 
with the fatty acids), should increase more or less parallel to the 
fat and lecithin is not readily apparent. Lecithin and cholesterol 
are antagonistic in several important reactions in the living body. 
Their opposite effect on tumor growth and possibly also on bodily 
growth and development in mice has been pointed out by Robert- 
son and Burnett (22) and their antagonism in the matter of the 
stability of the red blood cells toward hemolysis seems well 
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established. It is possible that the increase of cholesterol in 
lipemia, which is in most cases not only — to but generally 
ecithin 
greater than that of lecithin (the ratio of ee ere 
below normal), is to be considered a protective mechanism to 
counteract the effects of the increased lecithin. The writer is, 
however, of the opinion that this is only one and probably a less 
important function of cholesterol, and that others, particularly 
in relation to fat metabolism, will become apparent when more is 
known of the behavior of this mysterious substance in the or- 
ganism. The slower rate of removal of lecithin and cholesterol 
as compared with fats points to a different mechanism for the 
removal of the two groups of lipoids. 


is generally 


SUMMARY. 


The characteristics of persistent lipemia as shown by the 
evidence so far available are as follows: | 

1. In lipemia of whatever origin all three blood lipoids (fat, 
lecithin, and cholesterol) are increased, fat generally showing 
the greatest ultimate increase, and cholesterol next. 

2. There is perceptible, in most cases, a sequence in the appear- 
ance and disappearance of the three lipoids, fat being the first to 
increase, lecithin next, and cholesterol last, while during the 
clearing up of the lipemia the fat diminishes first and the choles- 
terol last. High values for lecithin and cholesterol often per- 
sist for some time after the fat has reached approximately normal | 
values. 

lecithin 
cholesterol 
markedly below normal, due to the greater increase of choles- 
terol over lecithin. 

4, The fat which produces the lipemia may be of endogenous 
or exogenous origin or both, but the phenomena of the lipemia 
are the same in either case. 

5. The cause of the lipemia being regarded as a disturbance 
of the balance between inflow and outflow of fat in the blood, 
the immediate causative factor in the hemorrhagic lipemia is 
probably an abnormally large inflow of fat while in diabetic 
lipemia it is an abnormally slow outflow. 


3. In most instances the values for the ratio 
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Much work has been done in an effort to understand the com- 
plex function of the liver and considerable information of value 
has been obtained. It is fair to say, however, that the estimation 
of functional capacity of the liver cannot as yet be made with any 
convincing accuracy. We have reason to believe that the liver has 
a very large factor of safety—that it can tolerate an extensive 
injury and yet carry on its essential body functions. Any satis- 
factory functional test must include, therefore, some factor of 
strain or load which can measure the upper limits as well as the 
lower limits of liver function. It is certainly possible that some 
of the many functions of the liver may be seriously impaired 
while others, perhaps of more fundamental significance, are not 
seriously disturbed. This may apply to acute as well as chronic 
disease conditions. 

Probably the liver function test which is of most value in phys- 
iological experiments is given by the use of phenoltetrachlor- 
phthalein as described by Whipple, Peightal, and Clark (1). 
This drug is given intravenously and eliminated promptly in 
the bile. It can readily be recovered from the feces and accur- 
ately estimated. This functional test shows a great impair- 
ment after extensive liver injury by chloroform or phosphorus, 
but a serious objection is at once obvious if any abnormalities 
of bile secretion are present. With complete biliary obstruction 
obviously the test is of little value and with chronic inflammation 
of the bile passages, we find a marked lowering in output of the 
phenoltetrachlorphthalein—for example in long standing biliary 
fistulas. For clinical use, therefore, this test has very serious 
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limitations. We cannot rely in clinical diagnosis on any liver 
test which postulates a normal bile flow in normal bile passages. 

The ideal liver functional test would consist in the introduction 
intravenously of some non-toxic substance which would test by 
a synthetic demand the functional reserve of the liver (normal 
or abnormal). The product formed by this synthesis should be 
obtainable from the blood rather than from the urine, as renal 
abnormality would not confuse the issue. This ideal functional test 
is not at hand but it appears to be a possibility and all attempts 
along these lines are worth while and should give information of 
value. We submit these experiments, which were undertaken 
as a part of this experimental program to study liver function. 

Recognizing the importance of the liver in many synthetic 
endogenous processes, we felt it would be desirable to extend the 
study of hippuric acid synthesis under experimental conditions. 
It has been claimed by some that hippuric acid synthesis is a 
function of the kidney, by others a part of liver activity—in a 
word, the question is open to debate. We feel that our experi- 
ments furnish new data which will aid in the final solution of this 
complex physiological equation. 

A critical review of the literature touching the influence of 
benzoic acid and benzoates upon the general metabolism of the 
experimental animal reveals the fact that the action of this drug 
is still far from being completely understood. The earlier investi- 
gators and particularly Schmiedeburg sought to establish the 
synthesis of hippuric acid from benzoic acid as a function of 
kidney activity, using principally what was considered at that 
time (1876) a very reliable method of transfusion of excised organs. 
These experiments have stood unquestioned until the last few 
years, when considerable evidence was adduced to show that 
the kidney was not alone responsible for hippuric acid production. 
The work of Kingsbury and Bell (2) with nephrectomized dogs 
and dogs in which an experimental nephritis had been produced 
shows little change in the hippuric acid synthesis from the pre- 


. viously normal condition and that in the dog at least the kidney is 


not the site of the reaction. In rabbits the evidence still appears 
to be conflicting. On the other hand, the known réle of the 
liver in certain processes of metabolism and the influence of ben- 
zoic acid on metabolism as shown by our experiments suggests 
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that the liver might play a definite part in the conjugation of 
benzoic acid with glycocoll. An analysis of the parenchyma of 
various organs, after the injection of benzoic acid, shows that 
there is a higher content of hippuric acid in the liver than in 
other organs (Kingsbury and Bell). Further evidence that the 
liver may be involved in the production of hippuric acid is offered 
by Lackner, Levinson, and Morse (3) who show a definite de- 
crease of the hippuric acid elimination after a liver necrosis, 
which had been produced by hydrazine sulfate. Dogs were 
used and benzoate (0.5 to 2.0 gm.) was given by mouth. 

The actual mechanism whereby the benzoic acid radicle is 
neutralized in the body is not understood. The fact that the 
amount of glycocoll eliminated as hippuric acid is much larger 
than the amount of glycocoll in the food has led to various explana- 
tions which need only to be mentioned in passing. Parker and 
Lusk (4) suggested the possibility of a glycocoll reserve in the 
body which can be ‘‘ washed out”’ by successive doses of benzoate. 
The massive breaking down of body proteins is advocated by 
Ringer (5) and others. The synthesis of glycocoll from simple 
substances and simple amino-acids may occur (Epstein and Book- 
man, 6). Lewis maintains that products of metabolism, which 
might otherwise go to the formation of urea, may be diverted to 
the production of glycocoll (7) and this hypothesis is confirmed 
by the work of McCollum and Hoagland (8) who find a decrease 
in the urea nitrogen elimination of pigs on a carbohydrate diet 
following the administration of benzoates. Lastly the hypoth- 
esis of Umber (9), objected to by Abderhalden (10), that benzoic 
_ acid abstracts glycocoll from the globulin molecule of the tissues, 
thereby converting it to an albumin molecule; and that the action 
of benzoic acid in the body is merely to change the normal al- 
bumin-globulin ratio. 

That so many theories exist is evidence that the process is 
either not understood completely, or that no one explanation 
is sufficient. Since all hypotheses of internal metabolism are 
deduced from the study of the urinary nitrogen, and since the 
conflicting theories advanced are based on conflicting results 
of urinary analysis, an attempt will be made to show that differ- 
ent results may be referable to differences in animals used and to 
differences in dosage. 
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Methods. 


For the following experiments female dogs were kept in standard metab- 
olism cages and the urine collected at a fixed hour each day. The 24 hour 
specimen included the cage collection, cage washings, bladder urine, and 
bladder washings made up to a standard dilution. The dogs were fasted 
for 3 or 4 days previous to the experiment to allow the urinary nitrogen 
excretion to reach a constant base line and food was withheld during the 
entire experiment. Water was supplied in the cage at all times and it was 
noted that after the injection of sodium benzoate the dogs showed a much 
greater thirst. The collected urine was subjected to the following analy- 
sis: Total urinary nitrogen by the Kjeldahl method; urea and ammonia 
nitrogen by Marshall’s method; free benzoic acid by the method of Raiziss . 
and Dubin (11); hippuric acid by the method of Folin and Flanders (12); all 
determinations were made in duplicate with suitable controls. A slight 
modification was made in both the method for the determination of the free 
benzoic acid and in the method for the determination of the hippuric acid. 

Determination of Free Benzoic Acid.—100 cc. of urine are acidified by the 
addition of 1 ec. of strong nitric acid and 50 gm. of ammonium sulfate are 
added. To this are added, in a 250 cc. Erlenmeyer flask, 50 cc. of freshly 
distilled chloroform; the whole is then shaken thoroughly for some time and 
allowed tostand from3 to24 hours. At the end of this time, the chloroform 
is separated and is transferred into a second Erlenmeyer flask. The res- 
idue is washed into the first flask with 25 ec. of fresh chloroform and treated 
in the same way as the first extraction. The extract is washed by shaking 
with 100 ec. of saturated common salt solution and allowed to stand over 
night. On the next day the chloroform is separated in a clean dry funnel 
and is titrated with a standardized tenth normal alcoholic solution of 
sodium ethylate (phenolphthalein indicator). It was found convenient 
to keep the various chloroform fractions separate for the reason that, as 
was often found, the urine may be free from benzoic acid, a fact which can 
be noted on the first titration and further extraction with the chloroform 
rendered unnecessary. In each set of benzoic acid determinations (two 
daily for each dog) a complete duplicate was carried out with distilled 
water to insure no acid from the first acidification of the urine being re- 
tained in the extraction, and to show that the washing process had been 
sufficient. 

Determination of Hippuric Acid.—100 cc. of urine are rendered alkaline 
with 10 cc. of 5 per cent sodium hydroxide and are evaporated to dryness on 
a water bath. The residue is dissolved in 25 cc. of water, and is then de- 
canted into a Kjeldahl flask, and 25 cc. of strong nitric acid are poured into 
the same flask. A few crystals of copper sulfate are then added and the 
Kjeldahl flask is fitted with a long reflux condenser; an apparatus may be 
set up so that four or five determinations may be made at the same time 
with an extra flask for a control. The material in the flask is now boiled 
over a small flame for several (3 or 4) hours until the solution is a clear blue. 
When this stage is reached the condenser is allowed to cool and the inside 
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is washed down twice with 25 cc. of distilled water. To the material in the 
flask, the volume of which is now about 100 cc., 50 cc. of freshly distilled 
chloroform are added and the whole is vigorously agitated for several min- 
utes and is then allowed to stand for several hours. The chloroform is sepa- 
rated in the same way as in the method for the estimation of free benzoic 
acid and is thus similarly washed and titrated. As in the former method, 
it is advantageous to keep the extracts separate and to continue with ex- 
tracting repeatedly until all the benzoic acid has been removed. It is 
hardly necessary to outline the rationale of the procedure at this time— 
reference has been made to the sources in which these methods were origi- 
nally described, where additional and further information will be found. 


Raiziss and Dubin (11) advise the use of toluene for the ben- 
zoic acid extraction, but in this work chloroform was found more 
convenient and it was determined experimentally that under the 
same conditions both solvents extract approximately the same 
amount of acid in the same time. 

It will be seen that the extraction is made from a solution which 
is very strongly acid, and that if for some reason the chloroform 
is impure some of the nitric acid will be retained in the chloroform 
and the titration with the sodium ethylate will be rendered ex- 
tremely inaccurate. It was found that small quantities of alco- 
hol in the chloroform caused this error, and on this account it 
was necessary to wash the chloroform repeatedly with salt solu- 
tion. When it was desired to reutilize chloroform which had been 
used in a previous extraction, it was rendered strongly alkaline 
and washed repeatedly. Since the used chloroform contained 
phenolphthalein, the washing in an alkaline solution was continued 
until the pink color had disappeared, and the chloroform was 
then considered ready for the first distillation. The distillation 
was carried out in the usual way, in a water bath, and the 
distillate washed by allowing it to stand for 24 hours over 
saturated salt solution, after which it was distilled a_ sec- 
ond time. Even the purest commercially obtainable chloroform 
was treated in this way, and it was found that such treatment 
was essential to avoid large and unexpected errors. 

With the methods outlined above, it was possible in control 
experiments to recover from an aqueous solution of sodium ben- 
zoate an average of 99.8 per cent with a fluctuation of 10 per cent 
between extremes. The hippuric acid shows a recovery of 92.2 
per cent with a fluctuation of 7 per cent between extremes. 
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It was found, in control experiments, that when bile, blood, 
or fecal material was added to the urine, and the urine was treated 
in the usual way for the determination of hippuric acid, that 
substances of an acid nature appeared in the chloroform, which 
were capable of neutralizing the sodium ethylate in the titration. 
The chemical nature of these substances was not satisfactorily 
determined. If the urine collected under the cage was found 


TABLE I. 
The Recovery of Hippuric Acid Before and After Anesthesia. 
Dog 20-81. Brown spaniel, mongrel, adult. 


intravenously. U d 
Date. Hippuric acid. Total Weight. 
Per nia N. 
Total. pound. 
Jan, 24 Dog isolated and fasting begun. 
1921 gm. gm. gm gm. per cent gm. gm. lbs. 
Jan. 26 0 0 0.470 | 0.485 — 1.970 | 2.408 | 24.5 
i ae 0 0 0.425 | 0.440 — | 2.040 | 2.632 24.0 
ae 0 0 0.510 | 0.510 — 1.860 | 2.520 | 23.5 
7 ae 0 0 0.542 | 0.510 1.880 | 2 380 | 23.3 
7. ae 4 0.174 | 4.170 | 4.070 8 2.550 | 3.690 23.0 
~ 4 0.176 | 4.850 | 5.140 | 102.0 | 2.340 | 3.660 | 22.8 
Feb. 1 4 0.178 — — — | 2.460 | 3.860 | 22.5 
a: 0 0 —_— — — | 2.460 | 3.470 | 21.8 
Feb. 2 Chloroform anesthesia—60 minutes. 
Feb. 3 4 0.187 — — — — | 5.040] 21.5 
” 4 4 0.190 | 5.140 | 4.400 | 93.2 — 5.150 21.0 
7 oe 4 0.200 | 4.985 | 4.700 | 98.6 | 3.030 | 4.200 | 20.0 


to be contaminated by blood or bile or if the fecal contamination 
was in the form of a diarrhea which could not readily be filtered 
out, the urine sample of that day was discarded for obvious reasons. 

Except where specifically stated to the contrary, the benzoate 
was administered in the form of sodium benzoate, and injected 
into the jugular vein of the dog in a 5 per cent aqueous solution 
at the rate of about 20 cc. per minute. In the experiments marked 
“by mouth” the drug was given through a stomach tube, which 
was washed out with water. 
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To determine the effect of chloroform anesthesia upon the syn- 
thesis of hippuric acid several experiments were conducted, of 
which Tables I to III inclusive may be taken as typical examples. 
It has been shown by Davis and Whipple (13) that after 3 days 
fasting, 60 minutes of light chloroform anesthesia will produce a 
central necrosis involving one-half of the liver parenchyma in 


TABLE II. 
The Recovery of Hippuric Acid in the First § Hours after Benzoate Injection 
Intravenously. 
Dog 20-25. Fox terrier, adult. 

Date. B — Time. Hippuric acid. Weight. 
1920 gm. hrs gm. gm per cent lbs. 
Oct. 30 3 1-5 1.940 1.750 55.4 22.0 
Nov. 3 3 1-5 1.520 1.700 48.0 21.0 
ae 3 1-5 1.820 1.860 55.5 21.5 
ae 3 1-5 1.895 2.070 59.7 21.5 
3 1-5 1.615 1.700 50.0 21.0 . 

“24 3 1-5 2.340 2.080 66.5 22.0 
° 2 3 1-5 2.380 2.520 74.0 22.0 

Dec. 1 Chloroform anesthesia—50 minutes. 

Dec. 2 3 1-5 1.265 1.265 38.2 20.5 
eee 3 1-5 1.225 1.270 37.6 19.5 
Oe 3 1-5 0.925 0.945 27.9 19.0 

Dec. 21 Dog dead from distemper—recovery from chloroform 

poisoning. 


Diet of bread and milk throughout experiment except on the 2 days pre- 
ceding chloroform anesthesia. 


most cases, usually followed by recovery and liver regeneration. 
We must refer to the paper of Davis and Whipple (13) for the 
data establishing the constancy of liver injury under uniform 
conditions. 

From the examination of the percentage amounts of hippuric 
acid recovered (Table I), it will be seen that the recovery on 2 
successive days average 92.2 percent. After 60 minutes of chloro- 
form anesthesia, the average recovery on 2 successive days is 
95.5 per cent per 24 hours. The total recovery, therefore, is 
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TABLE II-A. 
The Recovery of Hippuric Acid in the First § Hours after Benzoate Injection. 
Fatal Liver Injury. 
Dog 20-21. Airedale, adult. 


Date. ge Hippuric acid. Weight. 
1929 gm. Ars. gm. gm. per cent lbs. 
Nov.6 3 1-5 2.150 | 2.00 63.1 21.5 
Nov. 24 Chloroform anesthesia—60 minutes. 
Nov. 25 3 | 15 | 110] — | a1 | as 
Nov. 25 Dog died, acute chloroform poisoning—extreme liver 
necrosis. 


not influenced by severe liver injury. From this and other ex- 
periments of a similar nature, it may be concluded that extensive 
liver necrosis due to chloroform has very little effect upon the 
total amount of hippuric acid synthesized during the whole 24 
hours. 

The possibility suggested itself that there might be a delay in 
this synthetic reaction. With this in mind, the 24 hour period 


TABLE III. 


The Recovery of Hippuric Acid from the 5th to the 24th Hour after Benzoate 
Injection Intravenously. 


Dog 20-17. Small black mongrel, adult. 


Date. Time. Hippuric acid. Weight. 
1920 gm. hrs. gm. gm. per cent lbs. 
Dec. 23 3 5-24 2.025 2.180 63.70 21.8 

3 5-24 2.010 60.60 22.5 
3 5-24 1.980 1.690 55.25 22.0 
Dec. 29 Chloroform anesthesia—60 minutes. 
Dec. 31 3 5-24 2.400 (1.850) 64.05 21.0 
1921 
Jan. 1 3 5-24 2.480 2.380 73.35 20.0 
2 3 5-24 2.010 60.60 20.0 
- 3 3 5-24 2.080 2.090 62.80 19.0 


Complete recovery. 
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was arbitrarily split so that the first collection was made 5 hours 
after the injection of benzoate and the second collection com- 
prised the specimen of the subsequent 19 hours. 

From an examination of Table II, it will be seen that the amount 
of hippuric acid synthesized and excreted during the first 5 hours 
after the injection of sodium benzoate averages for a period of 
7 days 58.4 per cent of the amount injected; while after 50 min- 
utes of chloroform anesthesia the average for a 3 day period drops 
to 34.5 per cent. In this experiment, after a period of 2 days 
fast, chloroform anesthesia was given for 50 minutes. Except 
for this interval the dog was fed bread and milk. The dog died 
20 days later from distemper after recovery from the chloroform 
poisoning. 

Similarly in Table II—A, the recovery during the first 5 hours 
after the injection of sodium benzoate in the control period aver- 
aged 63.1 per cent, while after 60 minutes of chloroform anes- 
thesia it averaged 33.1 per cent. In this experiment, although the 
bread and milk on which this dog was fed was withheld for only 
2 days previous to the chloroform anesthesia, an extreme liver 
necrosis was produced and the dog died the following day. His- 
tological examination of liver sections shows practically a com- 
plete liver cell destruction with only a few small groups of liver 
cells surviving about the portal tissues. 

A liver necrosis was produced in a dog (Table III) by allowing 
the dog to fast for 2 days and then giving 60 minutes of chloro- 
form anesthesia. Although the lesions thus produced may have 
comprised one-half or more of the liver parenchyma, the dog 
recovered from the effect of the intoxication. The effect on the 
hippuric acid output during the interval between the 5th and the 
24th hour is much less marked than is seen in Table II. Before 
the period of anesthesia in an average of 3 days’ determinations, 
the dog was excreting 59.8 per cent of the dose between the 5th 
and the 24th hour. After the period of anesthesia, the dog ex- 
creted 65.2 per cent during the same time. The dog was fed 
bread and milk except on the 2 days preceding the chloroform 
anesthesia. | 

On the basis of the tabulated and other experiments it would 
seem proper to conclude that a liver necrosis involving more than 
one-half of the liver parenchyma produces a definite delay in the 
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hippuric acid conjugation and excretion, so that during the first 
part of the 24 hours the excretion is relatively less than during 
the later part of the 24 hours. The total amount of hippuric 
acid synthesized seems to be little altered if the whole 24 hour | 
period is considered. It will be a matter of dispute whether 
on the basis of these experiments a further deduction can be made 
that the synthesis of hippuric acid is a function of the liver. The 
absence of demonstrable lesions or pathological conditions else- 
where in the body following chloroform anesthesia make it seem 
probable that the lesions in the liver are the cause of these changes 
noted in the excretion of the hippuric acid. Control experiments 
show that dogs injured by chloroform do not present an impair- 
ment of renal function to explain the delay in excretion of hip- 
puric acid. 

In these experiments it will be seen that the amount of hip- 
puric acid recovered approaches 100 per cent of the amount in- 
jected. This, however, was not a constant finding. Dogs of 
the same weight and under the same conditions, show considerable 
variation in the amount of hippuric acid eliminated. No cor- 
relation could be established between the size of the dog, the size 
of the dose, and the amount eliminated. In some cases the 
amount recovered was only 70 per cent of the dose administered, 
and yet no free benzoic acid was recovered from the urine. These 
abnormalities deserve further study. 


The Rise in Urinary Nitrogen Following Sodium Benzoate I njection. 


A number of experiments (nine) were carried out to observe 
the effect of sodium benzoate in varying doses on the urinary 
nitrogen, and as the results are very similar, only a few typical 
examples need be given. Table IV shows the typical rise in 
urinary nitrogen following the injection of 3.5 gm. of sodium ben- 
zoate in a 5 per cent solution into the jugular vein of a 15 pound 
dog. In this case the total urinary nitrogen excreted averages 
1.596 before the injection of the benzoate, and rises to an average 
of 2.968 gm. after the injection. The greatest part of this rise 
(excluding the fraction contained in the hippuric acid) is made up 
of urea, which rises to an average of 2.008 gm. from a normal 
average of 1.005 gm. The ammonia shows a definite rise over 
the normal period. 
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TABLE IV. 
The Rise in Ammonia, Urea, and Total Urinary Nitrogen Following Benzoate 


Dog 20-96. Small black mongrel, senile. 
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Beuscate 


int ly. A 
Date. Hippuric acid. nia Weight. 
Total. 
1920 gm. gm. gm. gm. |per cent} gm. gm. gm. lbs. 
June 24 0 0 | 0.236; 0.286) — | 1.085) 0.135) 1.568; 15.00 
0 0 | 0.498} 0.398; — | 0.995) 0.106) 1.652) 14.75 
0 | 0.286) — — | 0.935) 0.134] 1.568) 14.50 
3.5 | 0.185) 3.980! 3.680) 95.2 | 1.780) 0.268) 2.688) 14.25 
4.070 
June 28 3.5 | 0.188) 4.070) 3.750) 96.5 | 1.880) 0.204) 2.884) 14.00 
“ 2 3.5 | 0.191) 3.640) 3.300; 94.0 | 2.350) 0.224) 3.332) 13.75 
“ @&@ 0 0 — — — | 0.558} 0.157 1064 13. 
TABLE V. 


The Effect of Gradually Increased Doses of Benzoate on the Urinary Nitrogen. 
Dog 20-77. Small fox terrier, brown, adult. 


Date. Total | Weight. 
Total. 
1920 gm. gm. gm. gm. \per cent| gm. gm. gm. lbs. 
Apr. 3 0 0 | 0.045) — | — | 0.739] 0.282) 1.663} 11.00 
4 0 0 | 0.110; — — | 0.700) 0.590} 1.624) 10.75 
se 5 0 0 | 0.0665 — — | 0.850) 0.269) 1.512) 10.50 
” 6 0 0 0.117; — — 0 810} 0.380} 1.456) 10.00 
os 7 0 0 | 0.088; — — | 0.950) 0.095) 1.512) 10.00 
8 1.25 | 0.128) 1.380) 1.305) 94.6 | 1.120) 0.176) 1.680) 9.75° 
- 9 1.50 | 0.158} 1.230} 1.116) 70.0 | 1.410) 0.213) 2.016) 9.50 
eae 2.00 | 0.222) 1.845) 1.775) 80.6 | 1.170} 0.240) 2.167} 9.00 
hae 0 0 | 0.279) — — | 0.950) 0.112} 1.512} 8.50 
0 0 | 0.235) — — | 0.660) 0.045) 1.036} 9.50 
0 0 | 0.252; — — | 0.760) 0.067} 1.148) 9.50 
0 0 0.2444 — — 0.747) 0.101} 1.232} 9.25 
“ 99 € a 0.808 0.112] 1.204] 9.25 
- 2.50 | 0.278} 2.100) 1.800) 67.5 | 1.422) 0.224) 2.142) 9.25 
ee 3.00 | 0.334! 2.360) 2.130) 64.2 | 1.544) 0.246) 2.240) 9.00 
4.00 | 0.445) Lethal dose. 
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Table V shows the effect of gradually increasing the dose of 
the sodium benzoate. As the dose is increased from 1.25 to 4 
gm., it will be seen that there is a progressive increase in the total 
urinary nitrogen. The increase in the urea nitrogen corresponds 
somewhat to the increase in total urinary nitrogen but the rela- 
tion of the percentage of urea nitrogen to the total urinary nitro- 
gen is very variable. In this experiment doses varying from 0.128 


TABLE VI. 


Benzoate Given by Mouth and Intravenously. 
Dog 20-101. Airedale, pup, weight 20 pounds. 


Benzoate. 
Date. Hippuric acid. — monia 7 Remarks. 
Total.| ound. 
1920 gm. gm gm gm cent | 9™- | gm. | gm. 
May 8 0 0 {0.295} —} — |1.530)0.153/2.380 
0 0 {0.388} —] — |1.395/0 140/2.296 
“2 | 0 | —| — 1.260)0.134/2.212 
0 0 — |} — }1.345)0.112|2.128 
0 0 (0.346) — | — |1.275)0.129\2.184 
13 3.0 | 0.113)3.320/2.610) Intravenous. 
“ 14 3.5 | 0.138/3.880)3.420] 88.0}1.760/0.258/2 .940 
16 0 0 — | --| — 
0 — | — |1.382/0.168)/2.100 
3.0 | 0.113/2.500/2.150) By mouth... 
3.5 | 0.135/3.430'3.100| “ <“ 
@ 4.0 | 0.154/4.025'3.750| “ 
0 0 |0.512) — | — 300/0.179)2.080 


to 0.222 gm. per pound dog fail to produce a definite rise in am- 


-monia, while larger doses seem definitely to increase the ammonia. 


During the first part of the experiment, the variation in the am- 
monia is within the physiological variation, but after the 19th, 
a lower normal base line is maintained which is definitely exceeded 
after the injection of larger doses. A lethal dose was reached 
with 0.445 gm. per pound body weight. oe 
To determine whether the method of administration of the 
drug exerts any influence on its metabolism through possible 
variations in rate of absorption, injections of the same amount of 
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sodium benzoate were given intravenously and later by mouth 
to a dog under as nearly as possible identical conditions. The 
results of this experiment may be seen in Table VI. 

In this experiment the usual marked rise in total urinary nitro- 
gen, urea nitrogen, and ammonia nitrogen follow the intravenous 
injection. The first dose by mouth was partly vomited, which 
accounts for the low value of the recovered hippuric acid. On 
the 19th and 20th, the full dose was retained. It will be seen 
that the response to the ingestion is very much less marked than 


TABLE VII. 


Composite Table Showing the Total Urinary Nitrogen with Doses of Sodium 
Benzoate Varying from 0.079 to 0.445 Gm. per Pound. 


Total after | Dose of sodium benzoate 
Dog No. ni trogen, injection of benzoate. given per pound. — : 

ays’ 
average. | Istday | 2nd day | 3rd day | Ist day | 2nd day | 3rd day: 


gm. gm. gm. lbs. 


20-101 | 2.306 | 2.352 | 2.464 | 2.372 | 0.079 | 0.090 | 0.102 | 20.00 
20-101 | 2.240 | 2.800 | 2.940 | 3.136 | 0.113 | 0.138 | 0.152 | 20.00 
20-77 1.553 | 1.680 | 2.016 | 2.167 | 0.128 | 0.158 | 0.222 9.70 
18-38 2.760 | 4.440 | 3.860 | 3.330 | 0 146 | 0.150 | 0.150} 19.00 
20-81 2.485 | 3.690 | 3.660 | 3.860 | 0.174 | 0.176 | 0.178 | 22.00 
20-96 1.596 | 2.668 | 2.884 | 3.332 | 0.185 | 0.188 | 0.191 | 14.30 
20-20 1.344 | 2.016 | 2.240 | 2.240 | 0.200 | 0.200 | 0.200 | 12.10 


18-38 2.760 | 3.466 | 3.819 | 2.979 | 0.216 | 0.216 | 0.220 | 19.00 
20-20 1.222 | 3.024 | 3.416 | 3.248 | 0.286 | 0.292 | 0.298 | 12.10 
20-77 1.155 | 2.142 | 2.240 | Lethal.|; 0.278 | 0.334 | 0.445 9.70 


the response to the intravenous injection, the urea and total 
urinary nitrogen being almost within the limits of physiological 
variability and the ammonia alone showing a very slight rise. 

Table VII shows that below a dosage of 0.140 gm. of sodium 
benzoate per pound of body weight, the change in the total urinary 
nitrogen is not significant. Doses larger than this, however, pro- 
duce a definite and constant rise in urea, ammonia, and total urin- 
ary nitrogen. The greatest responses noted were between the doses 
of 0.180 and 0.200 gm. per pound. In three dogs with increasing 
dosage the rise in total urinary nitrogen was progressive to a 
certain point after which there was a less marked rise; this is 
shown in Dogs 20-81 and 18-38, and to a lesser degree in Dog 
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20-20. <A sufficient number of observations are not available 
to determine whether this is a constant finding. 

The fasting dog presents a constant base line of nitrogen ex- 
cretion and the sudden rise following the injection of sodium ben- 


TABLE VIII. 


The Rise of Urinary Nitrogen Following Benzoate Injection Prevented by 
Administration of Dextrin. 


Dog 20-20. Fox terrier, adult. 


Benzoate. 
Date. Hippuric acid. | |Ammo-) Total | weight. 
Total. : 
pound. 
1920 gm. | gm. | gm. | gm. | gm. Roni gm. gm. gm. lbs. 
May 8 0 | 0 0 10.210; —| — | 0.715] 0.075] 1.288] 13.00 
9 0 O 0 |0.236/ — | — | 0.890) 0.067] 1.232] 13.00 
“ 10 0 | 0 |0.270} — — | 1.240) 0.112) 1.624] 12.75 
“« 0 |0 0 |0.442) — | — | 0.990! 0.177] 1.512] 12.50 
“« 42 0 | 0 0 |0.362| — | — | 0.920} 0.190) 1.456] 12.50 
May 13 0 | 3.5 | 0.286'3.510/3.180} 88.5] 2.260) 0.277] 3.024] 12.25 
44 0 | 3.5 | 0.292!3.720/3.390} 96.0] 2.390) 0.274] 3.416] 12.00 
“15 0 | 3.5 | 0.298/3.54013.210] 90.5) 2.240! 0.230) 3.248) 11.75 
May 16 0 | 0 0 (0.440) — | — | 1.540! 0.151] 2.172) 11.25 
June 3 0 | 0 0 |0.218} — | — | 0.985! 0.089] 1.148] 12.25 
4 0 | 0 0 |0.236 — | — | 0.975} 0.106] 1.148] 12.00 
0 | 0 0 |0.210/ —| — | 0.965] 0.095! 1.262] 11.75 
6 0 | 0 0 |0.270; —| — | 0.965] 0.078] 1.204] 11.50 
0 | 0 |0.285} —]| — | 1.020} 0.095] 1.260] 12.00 
June 8 | 30 | O 0 |0.220; — | — | 0.780} 0.095] 1.064! 12.00 
9] 30 |] O 0 |0.255} —| — | 0.492] 0.218] 1.148] 12.00 
“ 10 | 30 | O 0 0.264 — | — | 0.589} 0.078} 0.800) 11.75 
June 11 30 | 3.5 | 0.306/3.44013.350! 86.5] 0.962) 0.185} 1.344] 11.50 
“ 12 | 30 | 3.5 | 0.306/3.640/3.390) 87.5! 0.995) 0.525! 1.624! 11.50 
“13 | 30 | 3.5 | 0.313/4.040)3.770| 97.0) 0.975] 0.224) 1.652) 11.25 


zoate must clearly be due to the breaking down of body proteins. 


This breaking down of body proteins was prevented by Epstein 


and Bookman (6) by the stimulating administration of dextrin, 
an observation we were able to confirm, as indicated in Table VIII. 
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A dog fasted for 7 days, during the last 4 of which his normal 
ammonia, urea, and total urinary nitrogen were determined. A 
dose of 3.5 gm. of sodium benzoate was injected which practi- 
cally doubled the urea and total urinary nitrogen. After a period 
of rest, the same dog again fasted 7 days, during the last 4 of which 
the same determinations were made and a new base line established. 
30 gm. of dextrin were given by mouth, which caused a slight 
drop in the nitrogen excretion. This was accompanied after 
3 days by the same dose of benzoate which had previously caused’ 
such a marked rise in nitrogen elimination and little change in 
the nitrogen output occurred, showing that the dextrin had suc- 
ceeded in preventing the reaction observed in the control period. 


The Effect of Sodium Benzoate Injections on the Blood Serum Proteins. 


Several experiments were carried out to determine the effect of 
benzoate injections on the blood proteins. 
Dog 20-101 is a characteristic example. 


Before After 

injection. injection. 

per cent per cent 


In this experiment, 4 gm. of benzoate were injected and the 
second determination was made 2 hours after the injection into a 
20 pound dog. Determinations were made by the refractometric 
method of Robertson (14). 

If we assume the blood plasma volume of the dog to be 5 per 
cent of his body weight, the serum globulin 1.7 per cent of his 
blood plasma volume, and the glycocoll 3.5 per cent of the serum 
globulin, the dog should have 0.270 gm. of glycocoll combined in 
the form of serum globulins. On the other hand, 4 gm. of sodium 
benzoate combine with 1.85 gm. of glycocoll to form hippuric 
acid, which is actually seven times the amount present in all the 
blood serum globulins. It is interesting to note that the globulin- 
albumin ratio remains the same while this demand for glycocoll 
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is being met. The injection of benzoate does not influence the 
non-protein nitrogen circulating in the blood. 


DISCUSSION. 


Our experiments show that a very severe and even fatal liver 
necrosis due to chloroform may not diminish the total 24 hour 
amount of synthesized hippuric acid following administration of a 


unit dose of sodium benzoate. This may suggest that the liver has 


nothing to do with hippuric acid synthesis, but we believe this con- 
clusion is not justified. Further study shows (Table II) that under 
conditions of liver injury, there is a delay in the synthesis and 
excretion of hippuric acid in the 5 hour period following the ad- 
ministration of the sodium benzoate. There is no decrease in 
renal function during this period as indicated by phthalein func- 
tional tests. The liver inquiry, therefore, delays this reaction 
which is so prompt in the normal dog. Our belief is that the 
liver is much concerned in the normal synthesis of hippuric acid 
in the body but after injury this function may be taken over in 
large measure by other cell protoplasm. This indicates too that 
other organs and tissues may take part in this synthetic reaction 
even under normal conditions. 

Our experiments show a definite rise in ammonia, urea, and 
total @rinary nitrogen following the injection of sodium benzoate 
into the circulation of the dog, whenever a certain dosage is ex- 
ceeded. If these conditions be applicable to other animals, it 
would seem possible that the failure of some observers to note 
a rise In urinary nitrogen after administration of benzoate may be 
explained by the use of small doses. The rise in urea nitrogen is 
not in agreement with the observations of Ringer, and McCollum 
and Hoagland, who found that large doses of benzoate decrease 
the urea nitrogen excreted. It must be remembered, however, 
that McCollum and Hoagland worked with pigs, and that the 
caloric requirements of the animals were supplied, whereas in our 
experiments, the dogs were fasting. In both instances, however, 
the nitrogen of the urine was wholly endogenous. Our doses per 
unit body weight exceed those of McCollum and Hoagland and 
this may explain the differences. 

How may we explain this rise in urinary nitrogen following the 
intravenous injection of sodium benzoate? Perhaps a tentative 
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explanation may be advanced as follows: When the drug is 
given intravenously, the demand for conjugation is very acute 
and lacking the available glycocoll, there is a breakdown of 
body protein to supply a part of this emergency requirement. 
We may imagine that certain elements (glycocoll) are removed 
from the large protein molecule which as a result disintegrates, at 
least in part. The less acute demand made by administration of 
the drug by mouth can be met by the usual body mechanism 
(glycocoll synthesis) unless very large doses are given and there 
is no emergency breakdown of body protein. The death of the an- 
imal we may attribute to this destructive action which may break 
down body protein in such fashion that certain poisonous split pro- 
ducts are formed in sufficient amount to cause fatal intoxication. 

The interesting suggestion that glycocoll may be obtained from 
the globulins of the body finds no support in our experiments. 
It is known that under certain conditions there may be a rather 
prompt shift in the albumin-globulin ratio in the blood plasma. 
Therefore, this suggestion that glycocoll might be furnished in 
this way by a change of globulin to albumin was worthy of serious 
consideration. It may be claimed that our experiments do not 
rule out this possibility but at least we can say that the plasma 
albumin-globulin ratio does not change after a benzoate injec- 
tion. If we wish to cling to this hypothesis, we must postulate 
an effect which is limited to the tissue globulin-albumin ratio— 
this would seem to be indeed a venture into realms of conjecture. 


SUMMARY. 


The synthesis of hippuric acid in the body following benzoate 
administration is not prevented by an extensive chloroform liver 
necrosis. A severe liver injury, however, will cause a distinct 
delay in the synthesis and excretion of hippuric acid. This indi- 
cates that the liver normally takes part in this synthesis but that 
other cell protoplasm of the body may be concerned in this con- 
jugation and may in an emergency take over a greater part of 
the hippuric acid synthesis. This may apply particularly to the 
intravenous administration of the benzoate. 

Our experiments show distinct increases in ammonia, urea, 
and total urinary nitrogen wherever dosages of benzoate are 
given intravenously, exceeding a certain amount per pound body 
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weight. ‘The question of dosage may explain many discrepancies 
noted in the literature. 

Under certain conditions benzoate injection causes a consid- 
erable protein breakdown due probably to the acute need for 
glycocoll which is taken from the body protein molecule. The 
suggestion that under emergency conditions the glycocoll may be 
obtained from the globulins finds no support in our experiments. 
The serum albumin-globulin ratio is not changed by administra- 
tion of large doses of benzoate. 
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THE BASAL METABOLISM OF UNDERWEIGHT 
CHILDREN. 


By KATHARINE BLUNT, ALTA NELSON, ann HARRIET 
CURRY OLESON. 


(From the Department of Home Economics, University of Chicago, Chicago.) 


(Received for publication, September 12, 1921.) 


Benedict and Talbot’s monograph (1) has given a large amount 
of material on the basal metabolism of children with which sub- 
sequent data can well be compared. It includes not only their 
own extensive series of observations but also a summary and criti- 
cism of earlier work. Their own observations are chiefly on 
normal children—children in good general health and approxi- 
mately of the average weight for their height. 

Very little has been published on the basal metabolism of under- 
weight children. Some of the infants observed by Benedict and 
Talbot (2) were underweight, and in general showed a higher 
basal metabolism per kilo or per square meter than well nourished 
children. This difference was assigned by the investigators to 
a smaller proportion of fat and a larger proportion of active pro- 
toplasmic tissue in the underweight infants. Murlin and Hoobler 
(3), who in 1915 published observations on 10 infants varying in 
age from 2 to 12 months, also found that the underweight infants 
had a higher metabolism per kilo and per square meter than the 
normal or fat ones. Murlin and Hoobler compare their own se- 
ries with one by Howland, and with Benedict and Talbot’s; and 
they find that all but three of the forty-eight underweight and 
atrophic infants had a higher basal metabolism than the eighteen 
normal infants. Of the five overweight infants all but one had 
a lower basal metabolism than the normal ones. 

On the other hand, a group of young men who were studied by 
Benedict and others (4) during a prolonged period of underfeeding 
showed a basal metabolism progressively lower as their under- 
feeding continued. It was diminished whether expressed as 
total calories, calories per kilo, or calories per square meter. The 
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relative proportion of their active protoplasmic tissue may have 
gone up as they lost fat, but their “stimulus to cellular activity” 
had gone down with extensive loss of nitrogen from their bodies. 
These young men lived on a lower metabolic plane than normal, 
while the very thin infants lived on a higher metabolic plane. A 
group of underweight college women recently studied at the 
University of Chicago,! young women in fairly good health sup- 
posedly eating according to their appetites, showed a normal 
metabolism—unlike either the underweight infants or the under- 
fed young men. 

Only a few isolated observations on the basal metabolism of 
underweight older children have been found in the literature— 
a neurasthenic youth observed by Magnus-Levy (cited by Lusk, 
5) who partially starved himself for a year or more and whose 
basal metabolism per square meter was 33 per cent below normal 
(similar to Benedict’s young men); and the thin brother of Rub- 
ner’s pair (also cited by Lusk) with a very high metabolism. 

How about the basal metabolism of the type of child commonly 
considered undernourished—the child apparently normal except 
for marked underweight? Will such a child show the high metab- 
olism of the underweight infant or the low metabolism of the 
underfed adult? 


EXPERIMENTAL PART. 


Children Studied.—This paper gives the results of basal metab- 
olism observations on two groups of children, most of them under- 
weight. The first group was made up of fourteen children attend- 
ing a Health School for underweight children held during the 
summer of 1920 in the Home Economics Department of the Uni- 
versity of Chicago”. The second group of 14 was from the Uni- 
versity Elementary School.’ 

The standard for underweight employed with both these groups 
was the commonly accepted one used by various child welfare 
organizations, and printed in convenient form by the Elizabeth 


1 Unpublished data. 

2A full report of this experimental school by the director, Lydia J. 
Roberts, is in preparation. 

3 Our thanks are due to Miss Roberts of the Health Schcol and to Prin- 
cipal Gillett and the teachers in the Elementary School for their helpful 
cooperation. 
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McCormick Memorial Fund, Chicago. The figures for the 
children of our ages in these charts are from Boas, Burk, Bowditch, 
and Smedley based on measurements of school children.4 They 
give standards for age, height, and weight, but the calculations 
of underweight in this paper are from height-weight relation- 
ships only, without age considerations. While it is not believed 
that by any means the whole question of normal heights and 
weights of children can be settled by reference to these figures, 


TABLE I. 
Data for Health School Children. 

Name. Age. Height. Weight, nude. 

yr. mo. in. cm. lb. kg. lb. per cent sq. m. 

Cleland..... 12 0} 53.7 | 136.5) 66.6 | 30.3 | 68.0 4 1.09 
John........ 8 1 | 49.5 | 125.8 51.0 | 23.2 | 51.6 10 0.91 
Donald..... 11 5 | 53.6 | 136.2) 61.5 | 27.9 | 63.3 11 1.05 
Janis........ 11 3 51.5 | 1380.9) 53.1 | 24.2 | 54.1 ll 0.94 
Therina. 10 10) 58.0 | 141.3) 74.1 | 33.7 | 75.8 12 1.18 
Mildred 9 11 | 52.3 | 182.9] 56.7 | 25.8 | 57.2 12 0.98 
CAs kccawas 10 10) 54.1 | 137.4| 60.7 | 27.5 | 62.4 12 1.04 
Harold...... 10 4/1] 53.9 | 1386.7} 60.8 | 27.6 | 62.1 12 1.04 
Elsie Ss. 9 7 | 49.1 | 124.8) 47.9 | 21.7} 48.8 13 0.88 
Nee 9 3 | 53.7 | 1386.5) 60.6 | 27.5 | 62.6 14 1.04 
Edmund 10 11 | 55.2 | 142.8) 64.0 | 29.1 64.4 15 1.10 
Knox....... 9 71] 48.1 | 122.2) 46.1 | 20.9} 47.3 16 0.85 
Helen....... 9 1 | 54.7 | 139.4) 59.1 | 26.8] 59.9 18 1.05 
Elsie Sa..... 9 3) 48.0 | 122.0) 19.0} 438.0 20 0.84 


it is true that the relationship serves as the most useful single 
criterion which we have for selecting “undernourished” children, 
and it is as such that they are used here. An underweight child 
is arbitrarily considered one more than 7 per cent below standard. 

The data as reported by Miss Roberts for the age, height, weight 
(with and without clothes), and percentage underweight of the 
fourteen children from the Health School at the time of entering 
school are given in Table I. Thirteen of these children were 
underweight according to the standard used (varying from 10 
to 20 per cent below) and one, counted as normal, was 4 per cent 
under. They ranged in age from 9 to 12 years except one little 


*See Baldwin, Physical growth and school progress, U. S. Bureau of 
Education, Bull. 10, 1914. 
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boy of only 8 years. All of the thirteen underweight children 
had more or less marked circles under the eyes, ‘‘ winged” shoul- 
ders, and other features which characterize the undernourished 
child. The normal weight boy was normal in other ways. A 
medical examination of every child; made by Dr. Walter H. O. 
Hoffman, instructor of internal medicine (pediatrics)' in Rush 
Medical School, revealed no clear symptoms of hyperthyroidism 
in any of the children. One boy, Harold, was diagnosed as having 
active tuberculosis of the lungs. Detailed case histories of the 
children will be given later in Miss Robert’s report. 

The second group was composed of ten underweight, two over- 
weight, and two approximately normal weight children from 
the University Elementary School of about the same age as the 
Health School children. They were observed from March to 
May, 1921. The ten underweights ranged from 9 to 27 per cent 
under. The two heavy children were 40 and 12 per cent over- 
weight. These children were weighed nude only, for the metab- 
olism experiment, and to give figures to compare with the stand- 
ard height-weight chart which is made up from averages of clothed 
children, 1 pound was added to the nude weight of the girls and 
1.5 pounds to the nude weight of the boys, figures obtained by 
averaging the weight of the clothes of the Health School children. 
The general data for these children are given in Table II. 

Method of Determining Basal Metabolism.—In determining the 
basal metabolism the Benedict portable respiration apparatus 
was used with the general procedure described by Blunt and Dye 
(6). The child came without breakfast, lay quietly on the couch 
for half an hour, and then was connected with the apparatus by 
a mouthpiece cut down in size so as to be comfortable. The 
observations of oxygen consumption were made usually for at 
least two 10 minute periods with a moment or more rest in be- 
tween. Occasionally when the child grew tired or restless, the 
time was shortened a little, and in a very few cases in the Health 
School and more in the Elementary School group, one 10 minute 
period instead of two was accepted for study. Two stop-watches 
were used for each period so that the observer had a check on 
her own reading. 

Of course the main problem was to keep the children quiet. 
Both groups of children, those from the Health School especially, 
were used to various ‘tests’ and a very friendly relationship 
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existed between the children and the observer. The Health 
School group organized a “basal metabolism club’’—so called 
by the children—and especial prestige was attached to belonging 
to it; also prizes of various kinds were given. During the rest 
and observation periods the children were read aloud to, and so 
helped to keep quiet and relaxed. A simple marking device 
was used to keep count of any movements the child might make 
in each one of the 10 minutes, a — being recorded if no observ- 


TABLE II. 
Data for: Elementary School Children. 


Weight, Weight | Surface 


Name. Age. Height. Weight nude. elothed. | variation.| Du Bois. 

yr. mo. in. cm. lb. kg. lb. per cent 8q. Mm. 
Charles.....| 10 6 | 61.2 | 154.4/138.6 | 63.0 | 140.1 +40 1.60 
Margaret...| 10 1 | 55.2 | 138.0) 83.0 | 37.7 | 84.0 +12 1.18 
Robert...... 10 O| 49.7 | 124.4) 55.0 | 25.0} 56.5 —3 0.94 
Jean........ 10 2 | 52.9 | 1382.3) 62.5 | 28.4] 63.5 — § 1.02 
7 7 {| 46.3 | 115.9) 44.0 | 20.0} 45.0 —9 0.80 
John........ 7 11 | 53.2 | 133.2} 60.3 | 27.4 | 61.8 —ll1 1.00 
Caroline....| 8 3 | 50°2 | 125.5) 50.8 | 23.1 | 51.8 —12 0.90 
Edward.....| 11 11 | 60.4 | 151.0} 84.3 | 38.3 | 85.8 | —12 1.28 
Janice...... 8 8 | 53.4 | 133.5] 57.6 | 26.2 | 58.6 —14 0.98 
Homer...... 12 O| 59.4 | 148.5) 76.8 | 34.9 | 78.3 —16 1.20 
57.3 | 143.3) 67.3 | 30.6 | 68.8 —18 1.12 
Elizabeth...| 8 7 | 55.4] 138.5) 58.3 | 26.5] 59.3 —22 1.01 
Helen....... 11 11 | 61.2 | 153.0) 78.5 | 35.7 | 79.5 —23 1.18 
Bryant.....| 9 11 | 56.7 | 141.6) 58.3 | 26.5 | 59.8 —27 1.04 


able motion was made, a single + for a very slight movement of 
the hand or arm, several + signs for a larger movement. More 
than a very few + signs caused the observation to be discarded. 
As a standard, the day’s duplicates of oxygen consumed per min- 
ute were considered satisfactory only when they agreed within 10 
cc. of oxygen and in reality the agreement was usually very much 
closer than this. For example, the duplicates for Elsie Ss., the 
Health School child with the most markedly abnormal metabolism 
were 180 and 181 cc. of oxygen per minute the first day observed, 
180 and 170 cc. a month later, and 165 and 168 cc. still later. 
With a few of the more difficult children several efforts had to be 
made before a satisfactory determination was obtained and a 
very few children who were attempted never were sufficiently 
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quiet to complete the experiment. Most, however, behaved 
surprisingly well, especially after the strangeness of the first 
time was past. 

Eleven of the Health School children were observed success- 
fully on 3 or more different days; one boy, Roy, only once be- 
cause he left school and another, Edmund, only once because it 
was only toward the end of the summer, after he had been taught 
how to lie still during the school rest periods that he succeeded in 
doing the experiment successfully. This training in lying quiet 
which was enforced upon all the Health School children by their 
daily 1 hour rest period was of great assistance in the metabolism 
work. In the Elementary School group three children were ob- 
served on 3 days and the rest on 2 days. 


DISCUSSION. 


The results of the metabolism observations are given in Tables 
III and IV. The observations, calculated for 24 hours, are 
expressed in the usual three ways—total calories, calories 
per kilo, and calories per square meter. Figures are also included 
in these tables for children of the same weights as ours, read from 
the smoothed curves given by Benedict and Talbot (1) to represent 
the trend or roughly the average of their metabolism observation. 
Lastly, there is given the variation of the metabolism of our 
children from that of Benedict and Talbot’s. 

Health School Children.—For the Health School group it may 
be noted that the metabolism of all thirteen of our underweight 
children is markedly higher than the standard and that of the 
normal boy close to it. Elsie Ss. is the most extreme case of 
this excessively high metabolism. Though not the most under- 
weight (only 13 per cent), she was one of the children the most 
below par in general frailty and nervousness. She produced heat 
(basal) at the rate of 1,188 calories per day, while the standard 
child of the same weight produces 860 calories or 39 per cent 
less. Calculated per kilo, her heat production is 53.1 calories 
and per square meter 1,350 calories, or 39 and 41 per cent higher 
than the standard curves. She is not only markedly higher 
than her point on the curve but much higher than even the highest 
of the several different children of her weight from whose obser- 
vations the curve was drawn. That is, every kilo of her body 
seems to be living at a higher rate than that of the normal child. 
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This little girl, while showing most markedly the high metab- 
olism, indicates the tendency of the rest. Twelve of the thir- 
teen underweight children in the Health School have a basal 
metabolism 11 per cent or more higher than the standard curve, 
as shown by all three ways of calculating, and seven a metab- 
lism 20 per cent or more higher. Also, like Elsie Ss., all but one 
(Carl) of the thirteen children show a higher metabolism not only 
than the average curve, but than any of the children of similar 
weight making the curve. The average excesses above the curve 
for all thirteen Health School children are 22, 25, and 24 per cent; 
that is, the basal metabolism averages roughly a quarter higher 
than that of the average child of the same weight. There is no 
close relationship between the amount underweight of any child 
and the amount of excess metabolism. 

Elementary School Children.—Among the Elementary School 
group (Table IV) the connection between underweight and high 
metabolism is not quite so marked as in the Health School, but is 
still noteworthy. Metabolism not far from normal is shown by 
the two overweights, one of the normals, and two of the moderate 
underweights. Moderately excessive metabolism (over 10 per 
cent and under 20 per cent excess) was observed in five of the 
underweights, and high excess (20 per cent or over) in the other 
three. The average excesses for the ten underweight children 
over Benedict’s of the same weight are 14 per cent for the total 
calories, 16 per cent for the calories per kilo, and 18 per cent for 
the calories per square meter. These excesses, while not so 
high, are closely in line with the results with the other group. 
However, among the Elementary School subjects there was one 
boy, Robert, of approximately normal weight and yet with 
very high metabolism. Robert was a difficult subject, prob- 
ably the most difficult included in this paper, so that it is 
possible that in spite of fairly close agreement between his dupli- 
cate determinations, a certain amount of bodily tenseness during 
the observations may account for part of his excess. An inter- 
esting point about several of the children with very high metabo- 
lism is that they are what the school principal calls “problem 
cases’’—children peculiarly difficult to manage in the school. 

Comparison of Our Children with the Standard for Same Surface 
and Same Age.—There are two other sets of comparisons which 
may well be made with Benedict and Talbot’s numerous curves— 
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with their children of the same body surface as ours, and with 
children of the same ages as ours. In Table V we give the per- 
centage variations resulting from these two comparisons for the 
Health School children as well as from the weight comparisons 
_ repeated from Table III. Our children as compared with Bene- 

dict and Talbot’s children of the same surface show in most 
cases as would be expected, excesses closely like those for children 
of the same weight—on the average the total calories are 21 per 
cent higher and the calories per square meter 24 per cent higher. 

The age comparison brings out somewhat different points. 
Three of the Health School children were considerably taller 
than the average height for their age; Therina 4.5 inches, Roy 3.3 
inches, and Helen 4.9 inches, and, therefore, the total heat pro- 
. duction expected from them would be that for an older child; 
or, to express the same thing differently, they would be expected 
to show an excess when compared with children of their own age 
greater than the excess when compared with children of their 
own weight or surface. This is true for Therina and Helen; but 
not for Roy. On the other hand, three of the children were 
markedly below the average height for their age; Janis 2.8 inches, 
Knox 2.0 inches, and Elsie Sa. 2.1 inches. These children would 
be expected to show a lower excess in total calories when compared 
with children of their own age than by any other compare, 
which is markedly the case with all three. 

In making all these comparisons it must be remembered that 
Benedict and Talbot expressly state that their curves do not 
represent mathematical averages, merely show the trend of their 
observations, and that, of course, considerable variation in metab- 
olism must be expected from child to child. No such thing 
as an accurate “standard” is presented by them. Our figures 
would, of course, have little significance if they merely showed 
irregular variations from the curves. It is the marked excess 
over Benedict and Talbot’s observations, occurring almost with- 
out exception in the underweight children that makes our results 
significant. 

From all points of view it seems safe to draw the conclusion 

that all of the thirteen underweight children from the Health 
School were metabolizing at an abnormally high rate, and all 
but two of the ten underweights from the Elementary School. 
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Day by Day Variation in Metabolism.—The discussion above 
has been based upon the average of the determinations for several 
different days for most of the children. Two questions arise in 
connection with this procedure: Were the results for the different 
days in close agreement; and was there any regular change in the 
children’s metabolism in the Health School as the summer pro- 
gressed and the children improved in general condition? 


TABLE V. 
Variation in Heat Production from Benedict and Talbot’s Figures, Health 
School Children. 
Com pared 
of same weight. of the same age. 
2S 
3 53/82 | Ss 
per per per per per per per per +: 
cent | cent | cent | cent | cent | cent | cent | cent | cent | cent 
Cleland.......... 4 0 6 8 6 8 |—0.7; —4/ ll 8 
10; 15}. 18} 19 15 21] 17 
Donald........... 11 | 23; 26; 27 |-—0.9| 15| 35] 27 
11; 18; 18] 19] 15] 19 |-—2.8| 27] 18 
12; 11] 11] 12] 17 27 6} 12 
Mildred.......... 12} 22; 24; 28; 27 |+0.8; 22; 22] 25 
12 7} 10; 10 9; 11/+0.8) 12; 15; 10 
Harold........... 12; 18; 21]; 19] 19] 21 |4+1.5) 24] 18 
Elsie Ss.......... 13 | 39| 41] 37); 41 25} 48]! 40 
14; 33; 38] 31{ 31] 34 |+38.3) 34] 36] 30 
Edmund......... 15; 17; 15] 18] 10} 14; 14 
16; 27; 31] 28] 31 10| 45)| 33 
Helen............ 18 | 27] 29| 26] 23] 26 |+4.9) 34; 22 
Elsie Sa.......... 20; 33] 35| 30] 24] 27 |-2.1;) 27 
Average of all but 
22| 25; 24) 21] 24 18 | 28 


With the Elementary School, where most duplicates were 
obtained on consecutive or almost consecutive days, the agree- 
ment between the different days was decidedly close; for ten 
of the fourteen children the maximum difference was 5 per cent 
or less, and for the other four it was between 6 and 8 per cent. 
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In the Health School the agreement between different days 
is not so close, but also the intervals covered were very much 
longer, and the number of observations on most children 3 or 4 
instead of 2 or 3. Only two of the children show as little as 5 
per cent difference between duplicates, one shows as high as 20 
per cent, and the average of all differences is 11 per cent. This 
is of interest in comparison with the rather wide day by day 
variation found by Blunt and Dye (6) for their normal women. 
There is no regular change in the children’s metabolism as the 
summer progressed, in spite of general improvement in health. 
Apparently the time was not sufficiently long and the gains in 
weight sufficiently great for their metabolism to go down to that 
of normal children. 


SUMMARY. 


Metabolism determinations made on twenty-eight children, 
mostly underweight, showed that the basal metabolism of under- 
weight children tends to be higher than that of the normal child. 
The excess metabolism was in some cases as high as 40 per cent 
above that read from curves given by Benedict and Talbot, and 
in most cases the metabolism was not only higher than the curve 
but higher than the highest observation of the child of the same 
weight from which the curve was drawn. The average percentage 
excesses for the underweight children in the Health School com- 
pared with Benedict and Talbot’s of the same weight were 22 
for the total calories, 25 for the calories per kilo, and 24 for the 
calories per square meter. In the Elementary School the corres- 
ponding excesses were somewhat less—14, 16, and 18 per cent. 
No close relation was observed between the percentage under- 
weight and the excess metabolism. 
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RELATION BETWEEN THE CHLORIDE CONTENT 
OF THE BLOOD AND ITS VOLUME 
PER CENT OF CELLS. 
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(From the Medical Clinic of the University of Copenhagen, Copenhagen, 
Denmark.) 
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Analyses have shown that plasma contains a higher chloride 
percentage than is generally found in whole blood (McLean and 
Van Slyke, Van Slyke and Donleavy, McLean, and Austin and 


CORRECTION. 


On page 97, Vol. XLIX, No. 1, November, 1921, 4 lines from the top, 
for 1:33 read 1:30; 6 lines from the top, for /:32.3 read 1:31. Page 99, 


Foot-note 3, for 1:9.1 read 1:11. 


blood are added to each of the tubes, and the blood and citrate 
mixed by corking and inverting. Any possible variation from 
the exact measure is read off on the scale graduated to 0.1 ce. 

One of the tubes is reserved for the determination of the volume 
per cent of the blood cells, while the other is used for the micro- 
chloride determination on citrated blood and citrated plasma in 
the manner described below.! | 

The chloride content of the blood is calculated as sodium 
chloride and is given in per cent of 100 gravimetric parts of whole 
blood or plasma. 


1 In regard to the exchange of chlorides between corpuscles and plasma 
due to differences in the CO, tension (Fridericia), our constant results 
tend to show that we must have studied blood with a nearly constant 
CO, tension. The tubes were corked immediately after the taking of the 
blood and were only opened for a moment to withdraw the blood or plasma 


for analysis. | 
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The micro determination of Ivar Bang has been used. This 
method is based on extraction of about 100 mg. of blood absorbed 
on filter paper with 92 per cent alcohol for 5 hours. The alcoholic 
extract plus an equal volume of alcohol, used for washing out 
the test-tube containing the blood-imbibed paper, are titrated 
with a 0.01 nN AgNO; solution. The chloride values obtained by 
this technique are somewhat lower than those by the former 
methods. Bang found that the extraction of the chlorides is 
complete after 5 hours. However, it seems that the process tends 
toward a balance of distribution between the coagulum and the 
alcohol. Thus the extraction cannot be complete with one por- 
tion of alcohol and even a second extraction does not absorb 
all the chlorides from the blood, though the succeeding extrac- 
tions after the second will contain only barely measurable quan- 
tities of chloride. , 

In our preparations for this work 400 specimens of blood, 
serum, ascitic fluid, edema fluid, pleural exudate, and cerebrospinal 
fluid were examined by successive extractions. 

The average of the chloride percentage calculated from the 
first extraction was 0.476 per cent; the second, 0.047 per cent; — 
the third, 0.007 per cent; the fourth, 0.0003 per cent; the fifth, 
0; the sixth,-0.0005 per cent; and the seventh, 0. 

For practical purposes it will be sufficient to extract twice 
with alcohol, since the second portion plus the alcohol used for 
washing out the tube after this extraction contains about 10 per 
cent of the amount determined by the first extraction and since 
the third and following extractions will contain only unimportant 
traces of chloride. 

The results in the present series of observations confirmed 
this inasmuch as the average content of chlorides found in the 
second alcoholic extraction was 8.7 per cent of the average amount 
found in the first. 

This phenomenon is not unknown from other similar processes 
and is a natural consequence of the laws of balance for the adsorp- 
tive distribution between the chlorides extracted in the alcohol 
and the amounts left in the coagulum. 

Bang titrated with a 0.01 n AgNO; solution. We have used 
the solution of Mohr diluted 20 times; 7.e., 1.4521 gm. of AgNOs 
and 1,000 cc. of water. The titration has taken place in diffuse 
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daylight with a micro-burette and potassium chromate as in- 
dicator. | 

A standard color for the titration has been made in the manner 
described below, which is a very important point, if exact de- 
terminations are to be made. 

The procedure, in brief, is as follows: 

To a test-tube, G,, containing 15 cc. of the alcoholic extract, 
add, drop by drop, enough (necc.) AgNO; solution to give a dis- 
tinct brownish color. The glass is kept in the dark for 15 minutes, 
which makes it slightly less colored. 

To another test-tube, G:, with the same amount of alcohol, 
add n cc. of AgNO; solution. A small addition of silver nitrate 
solution to G,; makes the color of both mixtures identical. This 
tint does not alter appreciably during the titration if the light — 
is not too strong; in which case it becomes somewhat darker. The 
value n is subtracted from the total number of cc. added to 
(, before the calculation. Each cc. of the AgNO; solution used — 
in excess of n means 0.5 mg. of sodium chloride. The titer of 
the AgNO; solution was tried before titration with a measured 
quantity of a standard solution of NaCl. 

The duration of the first extraction with alcohol has always 
been 24 hours, and the second at least 24 hours. The chloride 
values given are the average of two or three determinations 
which very rarely diverged appreciably. 

The calculation from the percentage in citrated blood and ci- 
trated plasma to uncitrated blood and uncitrated plasma has been 
made as stated under the description of the determination of 
the cell volume. The contents of chloride found in citrated blood 
and plasma must be reduced to the contents in uncitrated blood 
and plasma. 

The reduction of results from citrated blood to those for un- 
citrated blood is simple. If 0.5 cc. of citrate is mixed with 4.5 
cc. of blood, then 100 parts of citrated blood will contain 90 
parts of uncitrated blood. If, on the other hand, the same 
quantity of citrate is mixed with 4.7 cc. of blood, then the cor- 
responding volumes are 100 parts of citrated blood and 90.4 
parts of uncitrated blood. 

The correction necessary to reduce citrated plasma to uncitrated 
plasma is a little more complicated, since one must know: (a) 
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the osmotic properties of the citrate solution; (b) the quantities 
of citrate and blood mixed; and (c) the volume per cent of the 
blood cells. 

It is evident that if the citrate solution is not isotonic, water 
or salts will enter or leave the corpuscles, thus altering the con- 
centration of the citrated plasma. We have chosen the 3 per cent 
citrate solution because it does not alter the cell volume, as will 
be seen from cell volume determinations (Table I) made on 
defibrinated blood. 

Table I shows clearly that the admixture of a 3 per cent sodium 
citrate solution to the blood in the ratio 1:9 does not alter the 
cell volume. 


TABLE I. 
- . Cell volume of 4.5 ec. of defibrinated blood 
Cell volume of pure defibrinated blood. + 0.5 cc. of 3 per cent citrate.* 
per cent per cent 
40 40 
43 43 
54f 
71T 70 
68F 68 


* Values corrected for admixture of citrate. 

+t The last three specimens of defibrinated blood were concentrated by 
drawing off some serum in order to exaggerate and make visible any slight 
variation. 


On the other hand, a determination of the cell volume on 
fourteen double specimens, of which one was mixed with a 10 
per cent sodium citrate solution showed that in this way there is 
a considerable shrinkage amounting to 16 per cent of the shrunken 
cell volume in the citrated blood. 

The technique used for the determination of the cell volume 
was very simple. The tube set aside for this purpose was cen- 
trifuged for 90 minutes at 3,000 revolutions a minute. The cell 
precipitate, including the white cell layer, was read off and the 
cell volume per 100 ec. of uncitrated blood, volume per cent, 
calculated as shown in the following example: , 


4.5 ec. of blood are mixed with 0.5 ec. of 3 per cent citrate and give a 


cell precipitate of 1.80 cc. The cell volume percentage is then a = 40 


volumes per cent. 
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Of course it has to be proved that centrifuging in the way 
described does give the absolute cell volume. If this is the case 
three precautions must by observed: (1) The centrifuge must 
be kept at an even high speed and slow down very gradually; 
(2) the tubes must fit exactly into the centrifuge so that they 
do not wobble; and (8) in no case must the time of the centrifuging 
be cut down, even though 90 minutes allows a rather wide margin. 

In order to test our technique, it has been compared with a 
determination of the cell volume by the hematocrit method, 
the capillary tubes of the hematocrit being filled from the tube 


TABLE II. 
Cell volume. 
No. Hematocrit. Centrifuge. Difference. 
One determination. 
per cent per cent per cent 
1 43 43 0 
2 30 31 +1 
3 39.5 40 +0.5 
4 43.5 43 —0.5 
5 37 38 +1 
6 28 29 +1 
7 64.5 66 1.5 
8 63.5 64 +0.5 
9 44.5 45 +0.5 
10 33.5 33 —0.5 
11 31 31 0 
Average....... 41.5 42 


of citrated blood. The volume of the blood absorbed in this way 
is inconsiderable and cannot be read off on the scale. 

The hematocrit employed made about 9,000 revolutions a 
minute and the blood was centrifuged with an interval every 
15th minute,.stopping when the blood column had been constant 
in length thrice and transparent throughout. The results are 
given in Table II. 

The variation between the results is inconsiderable, even if 
the hematocrit results are slightly lower. Even the largest varia- 
tion, in a case of polycythemia, No. 7, will not materially affect 
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our calculations. The manner in which the chloride content 
of citrated plasma is reduced to that for uncitrated plasma is 
indicated in the following example: 


0.5 cc. of citrate is mixed with 4.5 cc. of blood and gives on centri- 
fuging a cell precipitate of 1.80 cc. The cell volume is then 40 per cent. 

If the other specimen contains the same proportions of citrate and 
blood, then 100 volumes of citrated blood contain 64 volumes of citrated 
plasma, or 54 volumes of uncitrated plasma. Thus 100 volumes of citrated 
plasma contain 84.4 volumes of uncitrated plasma. 

If the chloride percentage in citrated plasma is found to be 0.48 then 
the real plasma percentage is 0.57, as the citrate solution used proved to 
be absolutely free from chloride contamination. 


In giving the results of our determinations of the chloride per- 
centage in plasma (and blood) we have divided the cases examined 
into groups. 

Cases with Normal Blood.—As such, have been tabulated cases 
in which the cell volume varied between 40 and 50 per cent of 
the blood,? and where the individual examined did not show 
symptoms which might influence the composition of the blood. 
The material consists of fifteen cases (five men and ten women) 
showing a cell volume within the above limits. The chloride 
percentage in plasma calculated as sodium chloride varied be- 
tween 0.59 and 0.63 per cent, the mean value being 0.61 per cent. 
We may in this connection mention that this value, 0.61 per cent, 
is the same that we have found as an average result in all the thirty 
specimens of edema fluid which we have examined. . 

Table III, as well as the following tables, gives the name, sex, 
age, diagnosis, true cell volume, and sodium chloride per cent 
in the blood and in the plasma. The percentage in citrated 
plasma or blood is not given in these tables. 

The variation in the chloride content of the plasma is so small 
that it may be considered constant. The plasma percentage of 
chlorides is the same in both sexes, though men on the average 
have larger cell volumes (and hemoglobin values). 

Diseases in Which the Salt Metabolism Might Possibly Be 
A ffected—In the four cases belonging to this group the cell 


2 40 per cent is not the lowest normal cell volume, since down to 36 per 
cent may be found in perfectly sound women. For our purposes, which 
deal only with the purely mechanical proportions between plasma and the 
cell volume, this is of no importance. 
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TABLE III. 
Normal Cases. 
Cell NaCl NaC} 
No. | Name. Sex. Age. Diagnosis. volume. | 4124 we 
yrs. per cent |per cent|per cent 
1 | A.N. | Male. 35 | Normal. 50 0.46 | 0.62 
2 1 dM. ™ 24 | Sequela poliomyelitis.| 45 0.45 | 0.59 
3 | J.M. ” 21 | Normal. 44 0.47 | 0.63 
4{1C. 8S. sa 36 | Neurasthenia. 42 0.47 | 0.60 
5 | U. P. ™ 47 | Disseminated sclero-| 41 0.48 | 0.62 
sis. 
6 | C. C. | Female. | 42 | Encephalitis. 48 0.47 | 0.60 
7 F. sae 33 | Normal. 44 0.50 | 0.61 
8 | RN. o 17 | Struma. 43 0.50 | 0.59 
9 | O. E. - 35 | Goiter. 41 0.48 | 0.62 
10 | G. F. - 19 | Pregnant. 40 0.48 | 0.60 
11 | A. W. - 31 | Normal. 40 0.49 | 0.63 
12 | N. R. 48 40 0.53 | 0.62 
13 | M. T. - 44 | Sciatica. 40 0.47 | 0.60 
14 | L.A. sa 57 | Encephalitis. 40 0.47 | 0.59 
15 | J.C. ” 17 | Rheumatism. 40 0.49 | 0.62 
TABLE IV. 
Cases with Possibilities of Disturbed Salt Metabolism. 
| 2s | 
No.| Name. Sex. Age.| Diagnosis. Date 8 3 58 5§ Remarks. 
$1247 126 
yrs. cent 
1 | E. P. | Male. 15 | Edema Apr. 22} 48 {0.46 |0.61 | Before 
fugax attack. 
(Quincke). 
May 47 (0.48 |0.61 | During 
attack. 
2|B. J. | Female. | 54 | Pneumonia. 
3 | C. C. | Male. 17 | Albumin- 
uria. 
J 60 | Chronic 
nephritis. 
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volume varied within the limits arbitrarily decided to be normal 
(40 to 50 per cent). 

The sodium chloride percentage in the plasma varies between 
0.58 and 0.62 percent. Iven if the value 0.58 is a little lower than 
any found in our normal cases, the variation is so small that it 
may be considered as normal. 

Polycythemia.—By a coincidence, the cell volume was the same 
in the three cases observed, being 64 per cent. 

In these cases the sodium chloride percentage in the plasma 
varied between 0.57 and 0.62 per cent, being nearly the same as 
in the cases already mentioned, though the amount of plasma per 
unit volume of blood was considerably reduced in comparison 
with the normal cases. 


TABLE V. 
Polycythemia,. 
= 
No. Name. Sex. Age. Diagnosis. Date. 5108 |]5Da 
SS | |] 28 
> |Z 


1 | M. T.} Male. 59 Polycythemia. Apr. 21; 64 |0.46 |0.60 
2 |J. C.|Female.| 44 
|M. L.} Male. 65 10.44 10.62 


Simple Anemia.—As such, were tabulated all cases examined 
where the cell volume was less than 40 per cent and the color 
index of the blood less than 1. The leucemias, however, were 
relegated to a special group. 

The examination of the blood in these ten cases of which three 
have been examined twice, shows a variation of the cell volume 
between 37 and 13 per cent. Nevertheless, we find in the plasma 
a sodium chloride percentage between 0.58 and 0.63 that is nearly 
within the same limits and with the same average, as we have 
found not only in normal blood but also in polycythemia, the 
opposite condition of anemia. 

There is in these cases no relation between the cell volume and 
the chloride content of the plasma. The highest plasma-chloride 
value is found with a cell volume of 30 per cent, the lowest with 
a cell volume of 37 per cent. 
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TABLE VI. 
Simple Anemia. 
, 
; 
No. Name. Sex. Age. Diagnosis. Date 8 
25 | 
1 |G. V. | Female.| 24 | Pregnant. Apr. 17| 37 |0.50 |0.60 
2 1G. J. 8 | Splenic anemia. | May 22) 37 (0.48 (0.59 
June 1/ 35 /|0.52 {0.61 
3 |J.R. | Female.| 30 | Goiter. Apr. 24! 37 |0.50 |0.60 
4 | J. V. 32 | Anemia. June 5; 36 |0.51 /0.61 
5 |H. J. | Male 18 | Gastric ulcer. May 29) 35 {0.48 |0.59 
June 9} 37 /|0.48 |0.58 
6 |S. 8S. | Male. 48 | Goiter. May 27; 31 |0.52 |0.61 
7 |A. P. | Female.} 37 | Gastric ulcer. Apr. 29) 30 (0.53 |0.63 
8 | L. O. 34 | Simple anemia. | June 11) 27 (0.53 |0.61 
9 | J. K. | Male 56 24 «10.57 10.62 
10 |N.M.| “ 46 Apr. 22; 13 {0.58 |0.60 
May 28! 16 (0.55 |0.59 
TABLE VII. 
Pernicious Anemia. 
_¢| 85 | 
No.| Name. Sex. Age.! Diagnosis. Date. Remarks. 
8&5 
Z Zo 
yrs. 
1|J.J Female. | 28 | Pernicious| May 27/27 |0.53 |0.63 
anemia. 
U. | Male. 36 “| June 10/22 (0.57 |0.64 |More ex- 
actly, 
0.636. 
3 |V. N. | Male. 55 | Pernicious} Apr. 27/22 (0.56 |0.63 
anemia. | May 31/10 /0.57 |0.62 
June (0.59 |0.63 
A. F. | Female. | 49 | Pernicious; May 1/18 (0.55 (0.61 
4 anemia. 
5 | E. P. | Male. 64 June 14/17 0.55 |0.62 
6 | J. A. | Female. | 39 Apr. 27|16 {0.54 |0.61 
May 5/13 |0.54 |0.60 
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Three other specimens with a cell volume of 37 per cent, how- 
ever, show a chloride percentage of 0.60, 0.59, and 0.60 in the 
plasma, and in the two cases with the lowest cell volume the chlor- 
ide percentage in plasma is 0.59 and 0.60. 

Pernicious Anemia.—This group comprises six cases, of which 
one has been examined three times and another twice. 

The cell volume in these cases varies between 27 and 5 per cent, 
so that all cases are pronounced anemias and some even among 
the most severe. The sodium chloride in plasma varies between 
0.60 and 0.636 per cent with an average of 0.62 per cent. 

Even if the average values found lie a little higher than those 
found in the other groups, the variations are too slight to allow 
any conclusions to be drawn. We do not doubt, however, that 


TABLE VIII. 
Malignant Tumors. 


o | € 
No.| Name. | Sex. | Age. Diagnosis. Date. ce 58 55 
$122 
rs cent | cont | cont 
1/0. P. | Male. | 41 | Carcinoma oesophagi. | Apr. 20} 41 [0.49 |0.57 
2)V. M. 62 hepatis. June 31 (0.49 |0.57 
3 |N. J. “| 23 | Hodgkin’s disease. Apr. 24| 17 |0.53 |0.58 


the plasma in these cases differs from normal plasma or the 
plasma found in simple anemia, but the difference is too small 
to permit one to say whether one single specimen comes from a 
patient with simple or pernicious anemia. 

Therefore, we shall, in view of the much larger differences in 
the chloride percentage of whole blood, consider the chloride 
percentage of plasma from pernicious anemia as being the same 
as in the plasma from the other patients. 

Malignant Tumors.—Among the patients examined we find 
two cases of cancer and one case of Hodgkin’s disease, all verified 
post mortem. These three cases, only two of which were anemic, 
are put in a special group. 

Though the cell volume in these cases varies from 41 to 17 
per cent, the plasma contains about the same amount of chlorides 
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in all three cases. The chloride in plasma varies between 0.57 and 
0.58 per cent, that is about the lower limit found in the normal. 
cases. 

It is of course not permissible to draw any far reaching conclu- 
sions from material consisting of only three cases, where the di- 
vergence consists in that the mean value is lower than usual. 

We shall, as we did in the cases of pernicious anemia, consider 
these values as lying within the limits 0.57 to 0.64 per cent which 
we put forward as the boundaries of the normal chloride per- 
centage of the plasma. 

Leucemia.—Finally we studied two cases of lymphatic leucemia. 
Both cases were anemic and the volume determination gives 
the total volume of red and white cells; the partial volume of 
the latter, however, was not very considerable. 

TABLE IX. 
Lymphatic Leucemia. 


No.| Name. Sex. & Diagnosis Date. & 3 58 
25 | 26 

cent | cent 

1|J. B. | Male. | 68} Lymphatic leucemia.| June 2/ 71 {0.51 |0.63 

2|H.H 63 May 25) 52 |22 |0.63 
June 11| 47 |24 |0.55 |0.62 


The cell volume varied between 37 and 22 per cent, but the 
sodium chloride percentages in plasma were nearly the same in 
all three determinations. These values, 0.62 to 0.63 per cent, 
lie rather near the upper limit, but do not pass beyond it. 

From Tables III to IX the following conclusions may be drawn. 

1. In normal persons we have found a sodium chloride concen- 
tration in the plasma which varies but slightly and whose average 
value may be put at 0.61 per cent, which is the same amount 
that we have found in edema fluid. 

2. In some diseases (angioneurotic edema, pneumonia, al- 
buminuria, and nephritis) where abnormalities of the chloride 
metabolism take place or might be supposed to take place, we 
find chloride percentages in the plasma not differing from those 
found in normal cases. 
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3. Sodium chloride percentages between 0.57 and 0.63 in the 
plasma have been found in cases of polycythemia and simple 
anemia. Even the most extreme forms of these diseases (cell 
volume 13 to 64 per cent) fall within these boundaries which we 
consider the boundaries of the normal plasma-chloride concen- 
tration. 

4. In the six cases of pernicious anemia and the two cases of 
lymphatic leucemia examined we found a chloride percentage in 
the plasma within the limits found for the diseases mentioned 
above. The mean values, however, lie somewhat above those 
found in the other cases. : : 

5. In three cases of verified malignant neoplasia the sodium 
chloride percentage in the plasma also were found to lie within 
the physiological limits, though the mean value was placed near 
the lower limit. 

6. The average of the sodium chloride content in the plasma is 
0.61 per cent, but the amounts vary between 0.57 and 0.64 per 
cent. 

The changes in the chloride percentage in the blood will ap- 
pear from our previous tables. In Table X we have arranged 
the results according to the cell volumes found. In this way the 
effects of a change in the cell volume are most clearly demon- 
strated, and for the sake of comparison the corresponding chlo- 
ride contents per 100 gm. of plasma are given. 

Table X includes all our material, and cell volumes between 
64 and 5 per cent are represented. The chlorides in 100 gm. of 
plasma vary between 0.59 and 0.63 per cent, while the chlorides 
in 100 gm. of blood vary between 0.44 and 0.59 per cent. 

The table emphasizes what we have already shown, that the 
chloride percentage in the plasma is not influenced in any way 
by variations in cell volume. 

On the other hand, it shows most clearly that the chloride 
percentage in the total blood increases when the cell volume 
drops. , The variation is rather large, from 0.44 to 0.59 per cent. 

That the opposite condition, polycythemia, will show a blood 
chloride percentage lower than the normal, has to our knowledge 
never been observed, but appears with absolute certainty from 
our results. 
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As our analyses have shown that the plasma percentage of 
chlorides is nearly constant, while the blood percentage of chlor- 
ides will increase when the cell volume decreases, the explanation 
of this phenomenon must be sought in the fact that the blood 


TABLE X. 

Cell volume. NaCl in blood. NaCl in plasma. 
per cent per cent per cent 
64-63 0.44 0.60 
62-61 
60-59 
58-57 
56-55 
54-53 
52-51 
50-49 0.46 0.62 
48-47 0.47 0.61 
46-45 0.45 0.59 
44-43 0.49 0.61 
42-41 0.48 0.60 
40-39 0.49 0.61 
38-37 0.49 0.60 
36-35 0.50 0.60 
34-33 
32-31 0.51 0.59 
30-29 0.53 0.63 
28-27 0.53 0.62 
26-25 
24-23 0.56 0.62 
22-21 0.56 0.63 
20-19 
18-17 0.54 0.60 
16-15 0.55 0.60 
14-13 0.56 0.60 
12-11 
10- 9 0.57 0.62 

8- 7 
6- 5 0.59 0.63 


corpuscles contain a smaller percentage of chlorides than the 


plasma. 


If the blood is rich in corpuscles, polycythemia, it will be poor 
in plasma, thus making the total amount of chlorides low, 0.44 
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per cent; while on the other hand, a blood which is poor in cor- 
puscles, anemia, will contain more plasma, thus causing an in- 
crease of the chloride percentage of the whole blood up to 0.59 
per cent. 

We have not directly analyzed the content of chlorides in the 
corpuscles, but from our analyses of blood and plasma we may 
calculate this value in the following way: 


If the chloride concentration in the blood is called Cy, the chloride 
concentration in the plasma Cp», and the chloride concentration in the 
corpuscles X, then the last value may be calculated from the formula: 

100 - Cy = Cp° (100 — volume per cent) + (X - volume per cent) 
where all values excepting X are known. 


If in this equation we introduce the mean values for C), C,, 
and volume per cent found in Table III of our fifteen normal cases, 
it will read as follows: 


100 - 0.481 = 0.609 - (100 — 42.5) + X * 42.5 
X = 0.31 per cent 


The content of chlorides in normal corpuscles then should be 
about 0.31 per cent. 

If in the above equation we introduce in succession the mean 
values from Tables IV to IX we get in this order the following 
chloride percentages in the corpuscles: 0.30, disturbed salt meta- 
bolism (?); 0.35, polycythemia; 0.33, simple anemia; 0.23, per- 
nicious anemia; 0.30, malignant tumors; and 0.30, leucemia. 

The only very pronounced variation in the salt content of the 
corpuscles is found in the cases of pernicious anemia. 

If in the equation used above we call X, C, (corpuscle-chloride 
concentration) it will read thus: 


100° Cy = Cp* (100 — volume per cent) + C,.° volume per cent (1) 


In this formula one may, according to our experience, call Cy and Ce 
constant,’ introducing instead the values 0.61 and 0.31 per cent which gives 
the formula: 

61—(0.3 volume per cent) 
100 (2) 


It is seen from equation (2) that there is a simple relation be- 
tween the cell volume and chloride content of the blood and this 


3’ Except, however, the cases of pernicious anemia where C,; varies. 
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relation will persist even if the blood is diluted with edema fluid. 
One cannot find a higher chloride percentage in hydremia than 
that which may be calculated from formula (2). The maximal 
chloride content in the blood will be obtained by putting volume 
per cent =0, in which case one finds: 


which means that the chloride content of the plasma is the limit. 

A chloride content of the blood higher than the plasma per- 
centage could conceivably occur only under two conditions: 
(1) The blood is diluted with a liquid richer in sodium chloride 
than edema fluid. Such an occurrence in the body is improba- 
ble. (2) The blood corpuscles could store a larger amount of 
chlorides. We have never found this to be the case, the corpus- 
cle-chloride concentration being lower than the plasma-chloride 
concentration in all cases observed. 

The earlier determinations of the chloride content of whole 
blood have been a disappointment for the reason that the plasma 
concentration of the chlorides is nearly constant and the con- 
centration of chlorides in —- blood is a function of the cell 
volume. 

The introduction of the cell volume percentage of the blood 
in these calculations is of the utmost importance. This value 
plays an important réle in the estimation of such substances as 
are not evenly distributed between plasma and corpuscles. Of 
course this is even more essential as regards substances which 
are found only in plasma. 


SUMMARY. 


1. A 3 per cent (isotonic) citrate solution is used to obtain 
plasma for analysis. 

2. The cell volume percentage in the blood is determined and 
shown to be a factor to be considered when the. concentration of 
a substance is determined on whole blood. 

3. In 52 cases of various types we find that the content of 
sodium chloride in the plasma is nearly constant, about 0.61 
per cent. 

4. The corresponding chloride determinations on whole blood 
show that these values vary greatly. It is shown that the chloride 
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percentage in blood increases when the cell volume percentage 
(and hemoglobin) drops, and vice versa; these changes following 
certain laws, which are formulated. 

* 5. The chloride content of the blood corpuscles is nearly con- 
stant, about 0.31 per cent, the only serious divergence being found 
in pernicious anemia, where the average content is calculated 
to be 0.23 per cent. 

6. An analysis of the blood-chloride percentage generally does 
not give more information thana simple cell volume determination. 
Only blood-chloride percentages which vary distinctly from the 
values calculated by formula (2) may be considered pathological. 
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A NEW METHOD FOR THE DETERMINATION OF THE 
FIBRIN PERCENTAGE IN BLOOD AND PLASMA. 


By H. C. GRAM. 


(From the Medical Clinic of the University of Copenhagen, Copenhagen, 
Denmark. ) 


(Received for publication, April 1, 1921.) 


The variations in the fibrin (fibrinogen) content of the blood 
have interested several observers, though the technique for these 
determinations has never been very good or convenient. 

The spontaneously coagulable matter of the blood may be deter- 
mined in two ways, by precipitating either the fibrinogen as such 
or as fibrin by the natural process of clotting. The last named 
method is the oldest and has generally been carried out so that 
the fibrin has been whipped out of a measured or weighed amount 
of blood (Hoppe-Seyler, 1; Samuely, 2), or the blood has been 
shaken with small rods and the fibrin adhering to these removed 
(Dastre, 3). <A still older method used by Andral (4) and others 
was to leave a measured quantity of blood to clot, then whipping 
out and washing the fibrin (“‘fibrine du caillot”’). This procedure 
is described by Doyon, Morel, and Kareff (5). 

All these methods require a rather large quantity of blood (20 to 
100 cc.), and they are not very accurate since the fibrin obtained 
is not pure and small amounts may be lost during the whipping 
and washing. <A better way of determining the fibrin has been 
chosen by the authors, using a stable plasma for analysis because 
this may be freed of leucocytes. Often, however, this was not 
done. Pfeiffer (6) determined the fibrin by recalcifying oxalated 
plasma and calculating the fibrin percentage from the difference 
in the nitrogen content of plasma and serum. As it is necessary 
to know the cell volume for these calculations, it was either 
arbitrarily fixed as 40 per cent or was estimated by the method of 
Bleibtreu. 
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Cullen and Van Slyke (7) have proposed to isolate the clot from 
recalcified oxalate plasma and to determine its nitrogen content; 
the fibrin percentage is then calculated by multiplying by 6.25. 
It must also be mentioned that Bang (8) has proposed to determine 
the fibrin in blood by weighing 1 drop absorbed on filter paper 
and making a micro-analysis of its nitrogen content after extracting 
with a highly diluted alkaline solution. 

The possibilities of fibrinolysis (Green, 9; Goodpasture, 10), 
which in my opinion are only to be feared when one does not use 
a cell-free plasma, have caused a great number of authors to pre- 
fer to determine the fibrinogen. For this purpose a stable plasma 
of some sort must be used. 

Reyhe (11) used 12 ce. of fluoride plasma in which the fibrinogen 
was precipitated by adding 30 cc. of distilled water and 16 ce. of an 
ammomium sulfate solution having a specific gravity of 1.245. 
The precipitated fibrinogen was washed with an identical dilu- 
tion of this salt and then with hot water, alcohol, and ether, and 
is weighed after drying. Doyon, Morel, and Péju (12) recom- 
mended the use of 1 cc. of 10 per cent acetic acid to 12 cc. of plasma 
for the same purpose. | 

The specific coagulation temperature of the fibrinogen has been 
used by Frédérick (13) and later by Whipple (14), who heated 20 ce. 
of clear, oxalated plasma to 56—60°C. for 10 minutes, and washed 
and weighed the precipitate. 

With such methods the different authors have found very vary- 
ing results (Table I), which may partly be explained by the physio- 
logical variations in the fibrin content; the number of observations 
in each series has often been very small. 

A practically useful method for determining the fibrin (fibrin- 
ogen) percentage must fulfill the following conditions: (1) Quan- 
tities of blood must be used which may be easily obtained and 
several times without inconvenience to the patients. (2) A deter- 
mination of the percentage both in plasma and in blood must be 
allowed. (3) The complete precipitation of the fibrin (fibrinogen) 
must be controlled. (4) Fibrinolysis must be excluded. (5) The 
fibrin and fibrinogen must be pure and cellular elements, which 
may either increase the weight or cause fibrinolysis (Rulot), should 
not be included. 
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I shall now describe the technique for determining the fibrin 
content followed by me and afterwards the experiments, which 
have proved its reliability. 


About 4.5 ee. of venous blood are run into a graduated 5 ce. centrifuge 
tube (Oluf Thomsen) divided into one-tenth of a cc. and containing 0.5 ce. 
of 3 per cent sodium citrate. The citrated blood is shaken and the blood 
adhering to the cork and upper part of the glass is wiped off. 

After the specimen has stood for some time the corpuscles have sedi- 
mented sufficiently to draw off 0.025 cc. of plasma for the platelet count 
(Thomsen, 28; Gram, 29, 30) and 0.4 ec. for the determination of the 
coagulation time (Gram, 31). The velocity of this sedimentation depends 
upon the cell volume percentage and the fibrinogen percentage in the 
plasma (Gram, 32). 

The specimen is then centrifuged for 90 minutes at 3,000 revolutions per 
minute and stopping very slowly. The tubes must be securely fixed in the 
corresponding holes of the centrifuge. 

The amount of citrated blood and precipitate is noted, the cell volume 
being calculated by the equation 


Volume percentage = a 


P = Precipitate in cc. 
B = Blood in ce. 


The clear cell-free citrated plasma is drawn off with a pipette, 
and 2 ce. are transferred into a 50 mm. wide cylindrical vessel, 
whose bottom is slightly rounded off against the sides. 9 cc. of 
0.9 per cent sodium chloride and 2 cc. of 1 per cent CaCl, - 6H:0 
solution are then added and the vessel is placed in the thermostat 
at 35° C. for 13 hours. When the glass is taken out the contents 
will always be found clotted, except possibly in very severe cases 
of hemophilia or melena neonatorum. 

By inclining and turning the glass around the clot will always 
loosen completely, not even leaving traces on the vessel. 

It is thrown out on several layers of filter paper on which it 
forms a jelly-like cake. The water is absorbed very quickly by 
the paper, leaving a round shining membrane, which may easily 
be detached with a glass rod when the top layer of paper is thrown 
into a jar of water. 

The detached membrane is kept in distilled water for 15 meleuben 
and is then transferred into absolute alcohol for 5 minutes and 
finally into ether for another 5 minutes to dehydrate and extract 
lipoids. 
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The hardened, dehydrated fibrin which resembles a piece of 
paper is gripped by small wire pincers of known weight and hung 
in the thermostat for some hours or in an oven for a shorter period. 

When the weight is constant the fibrin is weighed either on the 
analytical balance or on a fine torsion balance. The balance 
generally used only gave an accuracy of + mg. 

In the cylindrical glass vessel there is always left a small amount 
of liquid (diluted serum), which may be used as a control, since 
clotting either spontaneously or by addition of a little serum shows 
that the precipitation of the fibrinogen has not been complete. 
This control test is very fine, giving positive results with quantities 
of fibrin too small to influence the weight; 7. ¢., less than + mg. 

When the recalcified plasma was kept in the thermostat for the 
usual length of time the control never was found positive even in 
hemophilia. 

In order to calculate the fibrin percentage in plasma (Fp) and 
blood (Fp) a knowledge of the following values is necessary: 


Wfe = Weight in gm. of fibrin in 2 ec. of citrated plasma. 


Cb = Citrated blood (0.5 ec.). 
C = Citrate (0.5 cc.). 
P- = Cell precipitate in ce. 


The formula for calculating the percentage in pure plasma is: 


p= “(Cb —C—P)2 


The corresponding formula for the percentage in pure blood is: 


= (Cb =P): Whe" 100 
(Cb — C)°2 


The technique in the first instance has been based upon a study 
of the coagulation time of citrated plasma on recalcification which 
has been published elsewhere (Gram, 31). 

The exactitude of the cell volume determinations has been dealt 
with in another publication (Norgaard and Gram, 33). 

In this paper we shall, therefore, only present the experiments 
concerning: (1) the proper recalcification of the citrated plasma; 
(2) the possibilities of fibrinolysis and fibrinogenolysis; (3) the 
accuracy of the method and the mean error on it; and (4) com- 
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parisons between my technique and the results gained by simple 
defibrination of blood and by determination of the nee after 
Whipple’s method of heat coagulation. 

Proper Recalcification.—1 drop of 1 per cent CaCl:6H,O 
solution to 0.1 cc. of plasma equals 1 cc. of the solution to 2 cc. of 
plasma, since the pipette used in the coagulation experiments 
gave 20 drops to the ce. 

It was found that the optimal recalcification of citrated plasma 
from a mixture of 0.5cc. of 3 per cent citrate + 4.5 cc. of blood was 


TABLE II. 


Effects of Various Recalcification of Plasma Kept in the Thermostat for 1} 
Hours After Recalcification. 


— I II Ill IV 
Recalei-| Fibrin Fibrin Fibrin Fibrin Fibrin 
per leentage | leentage| centage | leentage | |eentage] 
pene plasma. plasma. plasma. iplasma. plasma 
cc. 
0.5 0.32 0.31 + 0.51 0.39 
1.0 0.33 0.32 0.34 0.51 0.37 
1.5 0.33 0.32 0.34 0.49 0.39 
2.0 | 0.33 0.32 0.34 0.49 0.39 
2.5 0.33 0.32 0.33 0.51 0. 37 
3.0 0.32 0.32 0.34 0.51 0.39 
3.5 0.33 0.32 0.34 0.49 -- 0.37 
4.0 0.32 0.32 0.34 0.51 0.33 + 
4.5 0.33 0.32 
5.0 0.32 


1 to 4 cc. of 1 per cent CaCl: 6H2O per 2 ce. The effects of a 
varying recalcification are found in Table II. 

In two cases the coagulation is not complete after 13 hours, 
the recalcification in these specimens being respectively 0.5 and 
4 cc. per 2 cc. of citrated plasma. With recalcifications between 
1 and 3.5 ec. of 1 per cent CaCl.- 6H2O the result is always the 
same except for the experimental error. 

A recalcification of 2 cc. of 1 per cent CaCl. -6H.O per 2 cc. of 
citrated plasma must be considered safe, which also has been 
proved in practice. 
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TABLE III. 


Left for Various Periods in the Thermostat. 
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Fivin percentage in plasma. | Conta 
min 

5 No coagulation. ++ 
10 “cc + 
15 0.09 +--+ 
20 0.32 + 
25 0.32 
30 0.33 — 
35 0.32 -- 
60 0.32 — 


Double Specimens, of Which No. I Is Left for 13 Hours, and No. II for 24 
Hours in the Thermostat after Recalcification. 


TABLE IV. 


Speci- Fibrin percentage 
men Diagnosis. Differ- 
No. 7 ence. 

I II 

1 | Convalescence after pneumonia....... 0.39 0.39 0 

3 | Carcinoma of the liver................. 0.72 0.72 0 

5 | Lymphatic leucemia..................| 0.32 0.32 0 

10 = Stenosis pylori............... 0.82 0.82 0 

11 | Chronic polyarthritis.................. 0.65 0.65 0 

12 | Cirrhosis of the liver.................} 0.18 0.18 0 

13 | Pernicious anemia..................... 0.18 0.18 0 

15 | Fatty degeneration of the liver....... 0.08 0.08 0 

16 | Polycythemia........................] 0.30 0.30 0 
17 | Chronic constipation.................. 0.29 | 0.31 | +0.02 
19 | Chronic nephritis...................... 0.49 0.47 | —0.02 
20 | Splenectomy (postoperative)........... 0.43 0.44 | +0.01 
23 | Fatty degeneration of the liver....... 0.12 0.13 | +0.01 
24 | Pseudoleucemia.............. 0.39 0.41 | +0.02 
25 | Carcinoma of the liver................ 0.07 0.07 0 
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If we consider how coagulation progresses in a series of identical 
specimens of citrated plasma recalcified in the same way, we find 
the results shown in Table III. 

The coagulation is complete after 25 minutes, and the control 
is fine enough to show a residue of fibrin, which is too small to 
influence the weight of the precipitated fibrin. 

Possibilities of Fibrinolysis and Fibrinogenolysis by an Analysis 
of Double Specimens from the Same Person.—The first question 
TABLE V. 


Analysis of Double Specimens of Which No. I Is Centrifuged at Once and No. 
II after Standing 24 Hours at Room Temperature. 


Fibrin | 
I Il I Il 
per cent|per cent 
1 | Normal sales 37 39 | 0.27 | 0.27 0 
2 41 41 | 0.23 | 0.23 0 
3 | Febricula (cancer?).............] 40 40 | 0.54 | 0.54 0 
4 43 42 | 0.62 | 0.62 0 
5 | Convalescense after rheumatic 
Tk ee 38 38 | 0.32 | 0.32 0 
6 Pernicious anemia.............| 29 29 | 0.22 | 0.22 0 
23 23 | 0.66 | 0.66 0 
40 41 | 0.28 | 0.28 0 
9 | Pernicious anemia............. 27 27 | 0.24 | 0.24 0 
43 44 | 0.33 | 0.33} 
46 | 0.35 | 0.36 |+0.01 
12 | Abdominal carcinoma..........| 44 45 | 0.52 | 0.54 |4+0.02 
14 | 39 | 0.28 | 0.29 |+0.01 
42 | 0.28 | 0.30 |+0.02 


was settled by letting Specimen I stand for 14 hours and No. II for 
24 hours in the thermostat after recalcification (Table IV). 

This shows that an appreciable fibrinolysis does not take place 
in cell-free plasma within 24 hours. Specimens 12, 13, 15, 23, 
and 25 show that the low fibrin percentage found in some diseases 
of the liver is not due to fibrinolysis. 

In the same way a series of double specimens (Table V) showed 
that a dissolution of the fibrinogen did not take place, when a 
specimen of citrated blood was left at room temperature for 24 
hours before being centrifuged. 
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Error of the Method.—First, a series of double specimens of 
citrated blood were analyzed and showed very concordant results 
(Table VI). 


TABLE VI. 


Analysis of 29 Simple Double Specimens. 


Cell vol Fibrin 
Diagnosis. — 
No. 
I II I II 
per cent|per cent 

40 | 0.22 | 0.22}; O 

41 | 0.382 0.32; O 

3 | Polycythemia.................| 67 67 | 0.32 | 0.31 | 0.01 

40 | 0.388 0.38 | 

5 | Uleus ventriculi.............. 42 43 | 0.32 | 0.32 | O 

Nw an 43 | 0.32 | 0.32; O 

44 44 | 0.46 | 0.44 | 0.02 

46 45 | 0.56 | 0.59 | 0.03 
32 31 | 0.49 | 0.47 | 0.02 
48 | 0.31 | 0.32 | 0.01 
46 46 | 0.58 | 0.56 | 0.02 
15 49 50 | 0.59 | 0.61 | 0.02 
16 | Polycythemia.................| 72 72 | 0.37 | 0.387); O 
17 | Chronic polyarthritis..........| 41 41 | 0.38 | 0.37 |} 0.01 
18 | Cirrhosis of the liver...........| 37 37 | 0.25 | 0.25; O 
21 | Influenzal pneumonia..........) 42 43 | 0.48 | 0.49 | 0.01 
23 | Rheumatic fever............... 34 34 | 0.94 | 0.93 | 0.01 
24 | Convalescence after rheumatic 

25 | Influenzal pneumonia; fatty de-| 44 44 | 0.39 | 0.40} 0.01 
generation of the liver....... 

42 42 | 0.50 | 0.49 | 0.01 
48 49 | 0.33 | 0.32 | 0.01 
28 | Rheumatic fever............... 42 40 | 0.56 | 0.57 | 0.01 


Then in three cases the mean error was determined by analysis 
of respectively 9, 9, and 10 specimens (Table VII-A, B, and C). 
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TABLE VII-A. 


Convalescence after Angina. 


Specimen No. Cell volume. — we Fibrin percentage 
per cent 
1 50 0.3745 0.1865 
2 49 0.3707 0.1883 
3 49 0.3543 0.1806 
4 49 0.3548 0.1798 
5 49 0.3712 0.1892 
6 50 0.3575 0.1780 
7 50 0.3756 0.1875 
8 49 0.3712 0.1892 
9 49 0.3875 0.1949 


The mean error is calculated by the formula: 


d? 
n—1 


E=mean error 
d=variations of each determination from the average 
nm=number of determinations 
The mean error on the fibrin percentage in plasma was + 0.011, in blood 


+ 0.0055. 
TABLE VII-B. 
Graves’ Disease (Severe Case). 
per cent 

1 44 0.4075 0.2276 
2 44 0.4075 0.2276 
3 44 0.3912 0.2185 
4 44 0.4075 0.2276 
5 44 0.4081 0.2294 
6 44 0.4075 0.2276 
7 44 0.4075 0.2276 
8 45 0.4112 0.2256 
9 4-4 0.3912 0.2185 


According to the above equation the mean error on the fibrin percentage 
in plasma was + 0.0075, in blood + 0.0041. 
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TABLE VII-C. 
Normal Individual. 
Specimen No. Cell F F 
per cent 
1 39 0.2840 0.1725 
2 40 0.2683 0.1622 
3 40 0.2667 0.1600 
4 41 0.2691 0.1595 
5 40 0.2675 0.1611 
6 40 0.2667 0.1600 
7 41 0.2815 0.1652 
8 40 0.2807 0.1678 
9 40 0.2675 0.1611 
10 39 0.2807 0.1715 


According to the above equation the mean error on the fibrin percentage 
in plasma was + 0.0073, in blood + 0.0048. 


My Technique for the Fibrin Determination Has Been Compared 
with a Determination of the Fibrin Percentage by Whipping Out the 
Fibrin (Table VII[)—The following technique was used: By 
venous puncture a specimen of 4.5 cc. was taken into citrate and 
treated in the ordinary way. Then 50 cc. of blood were placed 
in a graduated glass. This quantity is whipped for 10 minutes 
with a glass rod whose end is slightly widened. 


TABLE VIII. 


Fibrin Determinations by My Technique (I) Compared with Fibrin Determin- 
ations by Simple Whipping (II). 


cen | Fibrin | | 
men Diagnosis volume. | 
I I I n | 
per cent 
1 | Polycythemia.... 71 0.25 0.07 0.09 +0.02 
2 | Nephritis........ 47 0.59 0.31 0.34 +0.03 
3 36 0.28 0.18 0.16 —0.02 
4 neteNTe Ter 49 0.59 0.31 0.34 +0.03 
5 | Polycythemia.... 73 0.36 0.10 0.12 +0.02 
6 | Neurasthenia.... 44 0.33 0.18 0.18 0 
7 | Observation..... 49 0.37 0.19 0.19 0 
8 | Normal.......... 40 0.25 0.15 0.14 —0.01 
9 5 48 0.30 0.16 0.16 0 
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One then adds 5 cc. of fresh serum and whips for another 5 
minutes. The defibrinated blood after standing for an hour is 
diluted with water and examined for clots, which may have 
been detached during the whipping or have been formed later. 

The fibrin has collected itself as a reddish tube around the rod 
and may easily be slid over the top of it. It is washed in physio- 
logical saline solution till it is nearly colorless and then successively 
in water, hot distilled water, hot alcohol, and ether. 

After drying to constant weight, the weight of fibrin in grams 
multiplied by 2 gives the fibrin percentage in blood. 


TABLE IX. 


A Comparison between Fibrin Determinations by My Method (1) and Fibrin- 
ogen Determinations by the Method of Whipple (II). 


Fibrin | Fibri- 
No. Diagnosis. plasma. | plasma. 
ome 
I I II 
per cent 
41 0.53 0.56 | +0.03 
2 49 0.59 0.60 | +0.01 
3 52 0.45 0.50 | +0.05 
4 41 0.33 0.35 +0.02 
5 Febricula; acromegalia ...... 36 0.39 0.42 | +0.03 
6 46 0.46 0.52 | +0.06 
7 Pernicious anemia........... 27 0.23 0.24 | +0°01 
8 44 0.25 0.29 | +0.04 
9 43 0.31 0.36 | +0.05 


Several specimens had to be rejected either because particles of 
the clot were detached or because the clot would not lose its 
color and so might be supposed to contain other elements than 
pure fibrin. 

The determinations shown in Table VIII gave very concordant 
results. It must, however, be noticed that the values compared 
are the smaller fibrin percentages in blood, so that the differences 
would be larger if the percentages in plasma could be compared. 
A comparison between my technique for the fibrin determination 
and a determination of fibrinogen by the method of Whipple 
gave the results shown in Table IX. 
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Instead of oxalated plasma I used 20 cc. of citrated plasma, 
which were heated to 56—60° C. for 10 minutes. The precipitated 
fibrinogen was washed, dried, and weighed and the calculation of 
the percentage was made in the same way as by my own method. 

From the lowest to the highest fibrin (fibrinogen) contents 
there was a very good concordance between the results of the 
two methods, though the fibrinogen percentages on the average 
were somewhat higher. 

The results in pathological cases! have been published in brief 
elsewhere (Gram, 32), so I shall give only the results of a series 
of observations 0 normal men and women. 

TABLE X. 
25 Normal Men. 


Fibri t-|Fibri t-| 
age in plasma. | age in blood. | Cell volume. 
per cent 
TABLE XI. 


25 Normal Women. 


per cent 


The fibrin percentage in plasma is slightly lower in men than 
in women. The difference between the percentage per 100 cc. of 
blood is even larger, owing to the larger average cell volume in 
men’s blood. 

The examination of the fibrin content in cases of anemia and 
polycythemia has shown that the percentage in plasma is the 
value kept constant during variations in the cell volume, so that 
the percentage per 100 cc. of blood is abnormally high in anemia 
and abnormally low in polycythemia. 


1 Hyperinosis in infectious diseases, cancer, pregnancy, nephritis, 
chronic polyarthritis, etc. Hypinosis only in severe degeneration of 
the liver. The results will appear in full in the Acta med. Scandinav. 
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It has also to be settled whether the large variations in the 
normal fibrin percentage occur in the same person or whether each 
normal person has a certain level of fibrin content, which is kept 
fairly constant. 

The last seems to be the case according to the results given in 
Table XII. ; 

The fibrin was determined on six women (Table XIII) at differ- 
ent times of the day in order to see whether any variations could 
be traced or whether the digestive leucocytosis did influence the 
fibrin content. 

This does not seem to be the case, the variations being always 
very small and independent of the digestive leucocytosis, which 
is very pronounced in the cases of Nos. 3, 5, and 6. 


TABLE XIII. 


Fibrin Percentage in Plasma, Cell Volume Percentage, and Number of Leuco- 
cytes at Different Times of the Day. 


a F Se in Cell volume. Leucocytes per c.mm. 
4 


| 10a.m.| 2 p.m. 6 p.m. 


per cent | per cent | per cent 
0.33 | 0.33 39 38 7,500} 7,100 
0.32 | 0.32 42 41 5,900; 7,700 
0.33 | 0.33 - 38 40 6,500} 11,700 
; 42 42 8,200} 9,900 
0.35 | 0.36 | 0.37 44 43 43 6,500) 10,900} 11,800 
0.21 | 0.22 | 0.21 42 40 41 5,400} 5,700} 9,100 


Wh = 
© 
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SUMMARY. 


1. A technique is described by which the fibrin percentage in 
blood and plasma may be determined by recalcification of 2 cc. of 
clear cell-free plasma obtained from 5 cc. of citrated blood (0.5 cc. 
of 3 per cent citrate + 4.5 cc. of blood). This includes a determi- 
nation of the cell volume. ; 

2. On the same specimen one may determine the platelet count 
by Thomsen’s method and the coagulation time by a method 
indicated by the author. 

3. The technique described is shown to fulfill the conditions 
exacted for a trustworthy method. 
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4. The results by this technique in the blood of normal men 


and women are put forward. When the stress is laid upon the 
fibrin percentage per 100 cc. of plasma, this is caused by the results 
found in diseases of the blood which together with other pathologi- 
cal results have been published in brief elsewhere. 
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A FURTHER STUDY OF THE RESPIRATORY PROCESSES 
IN MYA ARENARIA AND OTHER MARINE MOLLUSCA.* 


By J. B. COLLIP. 


(From the Marine Biological Laboratory, Woods Hole, and the Marine 
Biological Station, Saint Andrews, Canada.) 


(Received for publication, October 21, 1921.) 


INTRODUCTION. 


In a preliminary paper (1) the conclusion was tentatively 
advanced that Mya arenaria is a facultative anaerobic organism. 
This conclusion was reached as a result of repeated demonstra- 
tion of the fact that this pelecypod continues to produce carbon 
dioxide in considerable amounts and for long periods when kept 
under anaerobic conditions.. Further investigation has shown 
that various other bivalved forms and also certain of the gas- 
tropods continue to excrete, or to store and excrete carbon diox- 
ide when the supply of oxygen in the medium is at a minimum. 
The object of the present investigation was to study quantita- 
tively this apparent manifestation of anaerobiosis in such highly 
organized forms. It was thought that quantitative data relating 
to rates of oxygen absorption under normal or experimental con- 
ditions, to the hydrogen ion concentration maintained in the celo- 
mic fluid under various circumstances, and to rates of carbon 
dioxide excretion under anaerobic conditions should throw some 
light on the problem. ; Berkeley (2) has recently confirmed Collip’s 
observations on carbon dioxide production in Mya arenaria under 
anaerobic conditions, and has demonstrated the same phenomenon 
in the two species Saxidomus gigantea and Paphia staminea. He 
has endeavored to relate the process to the decomposition of gly- 
cogen with the production of methane and carbon dioxide. His 
results, however, showed that glycogen did not disappear at a 


* This work was carried out under tenure of a Fellowship granted by 
The Rockefeller Foundation. 
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more rapid rate in the anaerobic specimens than in the aerated 
controls except in the case of Saxidomus. He concluded, there- 
fore, that a disappearance of glycogen invariably accompanies 
anaerobiosis in Saxidomus, and that, no disappearance of glycogen 
accompanies anaerobiosis in Mya and Paphia. It would seem 
most probable that the source of oxygen during exposure of a 
clam to anaerobic conditions is the same in one species as another. 
It would follow then from Berkeley’s results that glycogen is not 
likely to be the source of all the oxygen which goes to form carbon 
dioxide when the medium is oxygen-free. In view of the possible 
significance attached to glycogen as relating to the process, 
determinations of this tissue constituent were made in certain 
instances. 


Methods. 


The methods employed were as follows: 


Determination of the pH of Celomic Fluid. 


The pH of the celomic fluid was determined colorimetrically. 
Phenol red was the indicator used. The celomic fluid was drawn 
off without loss of carbon dioxide and delivered under paraffin 
oil into distilled water containing the adequate amount of phenol 
red. A pipette of narrow bore and containing a little paraffin oil 
was thrust deep into the pericardium, after an opening had been 
made just lateral to the hinge. The celomic fluid was aspirated 
into the pipette and 1 cc. delivered into 15 cc. of distilled water. 
The method of Cullen was then followed.! 


Oxygen Consumption. 


The rate of oxygen absorption of clams was determined by the 
well known Winkler method. 


Carbon Dioxide Production. 


Carbon dioxide production was determined by the use of the 
Van Slyke (3) apparatus for determination of blood plasma car- 
bon dioxide. The specimens to be studied were placed in fresh 


1 I am indebted to Dr. Cullen for furnishing me with the details of his ~ 
method before publication. 
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sea water in museum jars of known capacity and then sealed under 
water. After a definite period of time had elapsed, the jar was 
opened, the sea water was drained off, and the clams were removed 
to an open dish, and allowed to drain further. The water which 
was thus collected was added to the larger fraction and the total 
volume determined. The clams were at once opened up and the 
interior of the shells freed of tissue. The whole contents of the 
shells were then drained, gentle pressure being used to expel the 
liquid portion. The fluid which was obtained in this manner was 
a mixture of true celomic fluid and of sea water trapped in the 
mantle cavities. The carbon dioxide content of the sea water used 
in the experiment was determined before and after, also the carbon 
dioxide content of the composite fluid expressed from the clam 
tissue was determined before on control specimens and after on 
the fluid obtained as described. The drained clam tissue was 
weighed. The volume of water displaced by the shells was deter- 
mined and the volume displaced by the clams as a whole was ob- 
tained by subtracting from the volume capacity of the container 
used in the experiment the volume of water which was drained off 
from the clams when the experiment was concluded. Sufficient 
data were thus available to enable one to calculate the carbon 
dioxide production per 100 gm. of wet drained tissue per hour, 
a factor which was in every case determined and used for eompara- 
tive purposes. The method just described is not without error, 
but it gives, nevertheless, approximate results. As was previously 
shown (1), the carbon dioxide produced by a clam when it is re- 
moved from its natural habitat may be in large part retained in 
the celomic fluid, becoming fixed as calcium bicarbonate. When 
one determines, therefore, the carbon dioxide content of the sea 
water or celomic fluid in an experiment, one is dealing with carbon 
dioxide fixed as bicarbonate for the most part. The carbon diox- 
ide production is obtained by taking 50 per cent of that present 
in the noted bicarbonate increase. As the amount of free carbon 
dioxide is relatively very small in comparison with that held as 
bicarbonate no attempt was made to measure it directly. If the 
free carbon dioxide were determined also, the results throughout 
would be slightly higher. 

The above method for determining carbon dioxide production 
was checked up by determining the carbon dioxide excretion 
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when clams were aerated with carbon dioxide-free nitrogen and 
the gas produced collected in standard baryta which was afterwards 
titrated to phenolphthalein with standard acid. The results 
checked satisfactorily. 


Results. 
The pH of the Celomic Fluid Under Anaerobic Conditions. 


It was found that no appreciable change in the pH of the celo- 
mic fluid of Mya or Venus occurred when they were kept for days 
immersed in paraffin oil, in a nitrogen atmosphere, in sea water 
in a sealed container, or simply exposed to atmospheric air. The 
pH for both normal and experimental specimens as determined by 
the method outlined was 7.8 to 7.9. Under all the experimental 
conditions imposed, the total carbon dioxide of the celomic fluid 
increased several fold. 


- Rate of Oxygen Absorption. 


Considerable variation was found in the rate of oxygen con- 
sumption at constant temperature. Some forms, such as Venus 
mercenaria, which are capable of closing the valves completely, 
seem at times to use little or no oxygen, but one can be assured 
that oxidation is going on in the specimen, due to the fact that 
one can demonstrate a constant production of carbon dioxide, 
which is under these circumstances retained in the celomic fluid. 
Mitchell (4) found that the oxygen absorption of Venus and the 
oyster was very low unless the valves were opened slightly and 
a current of water maintained throughout the mantle cavities. 
In the case of Mya, the rate of oxygen absorption, the tempera- 
ture being kept constant, is largely determined by the position of 
the siphon and the rate of flow of water through it. It is quite 
possible for the form to draw its siphon in completely and when this 
is done the rate of oxygen absorption falls almost to zero. It is, 
however, only under exceptional circumstances that specimens 
of Mya do not ventilate to a fair degree, while quite the reverse is 
true of Venus. It was not uncommon to find the carbon dioxide 
content of the celomic fluid of specimens of Venus mercenaria 
kept in running sea water in the laboratory for a few days over 
30 volumes per cent, wliereas the carbon dioxide content of these 
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forms when they are perfectly fresh is 6.5 volumes per cent. Mya 
arenaria, on the contrary, may be kept in the laboratory in running 
sea water for days without the carbon dioxide increasing in amount 
in the celomic fluid. Thisis due solely to the fact that the former 
type closes its valves and thereby prevents a free exchange of gases 
through the membranes of the gills and mantle, while the latter 
adapts itself to the new conditions, and ventilates freely. It was 
found by Mitchell (4) that the rate of oxygen absorption by oysters 
and clams varied directly as the temperature. This has been 
confirmed for Mya. It is difficult, however, to relate the results 
obtained directly to temperature changes. For example, the 
oxygen absorption for six specimens of Mya at 14°C. was found to 
be 1.40 ce. per 100 gm. drained clam tissue per hour. The same 
clams were then placed in fresh sea water at 26°C., and the oxygen 
absorption rate was found to be 11.92 cc. per 100 gm. per hour. 
On being replaced in fresh sea water at 14°C., the rate of oxygen 
absorption fell to 7.93 cc. The estimation was for periods of 1 
hour in each-case. In this instance, the siphons were not ex- 
tended at first, but were well extended at the higher temperature, 
and fairly well in the last determination. The highest rate of 
oxygen consumption observed for fresh specimens of Mya at 
14°C. was 5.78 cc. per 100 gm. per hour, and the lowest 1.40 cc. 
per 100 gm. per hour. The usual result, however, for specimens 
with siphons moderately extended was between 3 and 4 ce. per 
100 gm. per hour. The oxygen absorption by specimens of 
Venus mercenaria under laboratory conditions was in all instances 
almost negligible. This was due, as will be shown later, to the 
valves being kept tightly closed. 


Effect of Cleansing the Shells upon the Rate of Oxygen Absorption. 


Owing to the possibility of organisms attached to the shells 
using up oxygen, the rate of oxygen absorption for specimens of 
Mya arenaria, which had had the shells sterilized by sponging 
with an alcoholic solution of bichloride of mercury, was deter- 
mined. For some hours following the cleansing of the shells the 
oxygen absorption was very low, being from 0.2 to 0.4 cc. per 100 
gm. per hour. That the result was not due to the killing of organ- 
isms on the shell was shown by the fact that the rate of oxygen 
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absorption came back to normal in 2 days time. The specimens 
for a time immediately following the cleansing operation drew in 
their siphons as completely as possible, and as they did not ven- 
tilate the mantle cavity and the gills they did not absorb oxygen. 
The presence of traces of mercury in the water would no doubt be 
a factor in causing the siphons to be withdrawn for a long period. 
This would appear to be the case, because cleansing the shells by 
means of sand paper caused a comparatively slight fall in the 
oxygen consumption. In one experiment, the rate of oxygen 
consumption immediately following sand paper cleansing was 
1.9 ce. per 100 gm. per hour, as compared with 3.17 ce. per 100 
gm. per hour in the controls. 


Oxygen Fixation by the Shell. 


Mitchell (4) found that a certain amount of oxygen was fixed 
by the shells of clams and oysters. The amount of oxygen which 
was removed from fresh sea water by the uncleaned shells of 
specimens of Mya studied was found to be very small. Shells 
displacing 100 cc. of water would cause the oxygen of fresh sea 
water to disappear at the rate of 0.5 to 0.9 cc. per hour. For very 
detailed work on oxygen consumption, the effect of the shell must 
be determined and the results corrected accordingly, as Mitchell 
has pointed out. 


Effect of Breaking the Shell wpon the Rate of Oxygen Absorption. 


If the valves of specimens of Venus mercenaria be carefully 
cracked along the margin, the rate of oxygen absorption rises 
immediately. The rate of oxygen absorption in one instance for 
specimens of Venus was 0.051 cc. per 100 gm. per hour, at 20°C., 
while the rate for specimens with shells cracked was 1.78 cc. per 
100 gm. per hour. Similarly, specimens of Mya with a low rate 
of oxygen absorption, as a result of bichloride cleansing, can be 
made to absorb oxygen much faster by cracking the shells. In one 
such experiment, the rate of oxygen absorption in the bichloride 
cleansed specimen was 0.198 cc. per 100gm. per hour. After crack- 
ing the shells and allowing ventilation of the mantle cavity, the 
rate rose to 0.822 cc. per 100 gm. per hour. 
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Rate of Carbon Dioxide Production under Anaerobic Conditions. 


A large number of experiments were carried out to determine the 
rate of carbon dioxide production by specimens of Mya arenaria 
which were deprived of dissolved oxygen in the medium. These 
experiments were carried out under widely different conditions. 
At first, attempts were made to use oxygen-free sea water, but 
it was early noted that the sea water in which specimens were 
sealed up became oxygen-free within a very short period, espe- 


TABLE I. 
CO. Production by Mya arenaria. 
Temperature....... 31°C. 20°C. 14°C. 8°C. 
Duration ot | | | | | 
SS perhr. | periment.| perhr. |periment.| perhr. | periment.| per hr. 
hrs. ce, hrs. ce, hrs, ce. hrs. ee, 
4.50 3.60 21.50 | 2.44 46 1.95 18 1.26 
6.50 3.86 18 2.97 70 2.52 21 1.12 
5.00 2.09 17 2.30 | 122 1.53 191 0.87 
4.40 4.37 19 2.34 | 124 1.60 192 0.84 
43 2.58 146 1.19 192 0.86 
13 2.53 44 1.41 192 0.99 
13 2.44 45 1.18 
18 3.54 44.30 | 0.70 
15 2.47 45 0.89 
12 2.08 45 1.09 
43 1.68 69 1.42 
21 2.31 25 0.57 
20 1.92 24 0.74 
7 2.43 
Average.....| 4.35 2.43 1.29 0.99 


cially if the volume of water was small. As many experiments were 
carried on for days and as the oxygen available in the medium 
would be removed within the first few hours, the error introduced 
by the use of this method was slight. The results of this series 
of experiments are shown in Table I. While there is a certain 
amount of variation in the rate of carbon dioxide production as 
determined by this method, yet this is not surprising, since the 
periods over which the anaerobic: condition was maintained varied 
from a few hours to several days. Also the temperature could not 
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be maintained absolutely constant, there being a variation of at 
least 1 +°C. The volume of water was, in some instances, large 
relative to the volume of clam tissue, while in other experiments 
the specimen jar was packed full of clams, and the water simply 
filled the interstices. 


Effect of Temperature upon the Rate of Carbon Dioxide Production 
under Anaerobic Conditions. 


The rate of carbon dioxide production under anaerobic condi- 
tions was determined at the following approximate temperatures: 
8°C., the temperature of the ice box; 14°C., the temperature of 
running sea water in the laboratory at Saint Andrews; 20°C., 
the temperature of running sea water in the laboratory at Woods 
Hole; 31°C., the temperature of an improvised water thermostat. 
The metabolic rate, as is shown by the results recorded in 
Table I, is a direct function of the temperature. 


Effect of Temperature upon Survival Time under Anaerobic 
Conditions. 


A general correlation exists between the temperature and the 
length of time clams may be kept in good condition in an anae- 
robic medium. At 31°C., the survival time is about 24 hours; 
at 14°C., about 8 days; and at very low ea tami the speci- 
mens any be kept for weeks. . 


Effect of Potassium Cyanide upon Oxygen Absorption and Carbon 
Dioxide Production. 


It was found that the rate of oxygen absorption was depressed 
by the presence of a small amount of potassium cyanide in the 
medium. The rate of carbon dioxide production under anaerobic 
conditions was likewise depressed by potassium cyanide. A con- 
centration of 1 part of KCN in 2,500 of sea water caused the CO, 
production to fall from 2.08 ec. per 100 gm. per hour, to 1.02 cc. 
Greater concentration depressed the COzg production still more, 
while lower concentrations had less effect. 

A point of interest in the effect of potassium cyanide upon the 
clam is that it tends to lower the difference in the concentration 
of CO. in the celomie fluid and that of the outside water. Unless 
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an experiment were run for several days, it was found that the 
concentration of CO, in the celomic fluid was approximately 
10 volumes per cent higher than that in the water of the container. 
In the presence of potassium cyanide, the rate of CO. production 
falls, and there is a tendency for the concentration of CO. in the 
medium to approach that maintained in the celomic fluid. 


Effect of Submersion in Distilled Water wpon the Rate of Carbon | 
Dioxide Production under Anaerobic Conditions. 


As was previously shown (1) clams may be kept in distilled water 
for varying periods and under these circumstances, they yield their 
salt to the water very slowly. The rate of carbon dioxide pro- 
duction by specimens of Mya kept in distilled water, was deter- 
mined and it was found that the rate was greatly depressed. In 
one instance, a result of 1.02 ce. of CO. per 100 gm. per hour was 
obtained as compared with 2.44 cc. per 100 gm. per hour in the 
control. In Sycotypus the large whelk, the rate of CO2 production 
fell in distilled water to 0.39 cc. per 100 gm. per hour from a normal 
of 1.10 ce. 


Rate of Oxygen Absorption Following Exposure to Anaerobic 
Conditions. 


The rate of oxygen absorption by specimens of Mya which had 
been kept for some days under anaerobic conditions was deter- 
mined. It was found that immediately the specimens were 
transferred from the oxygen-free water to fresh sea water that the 
rate of oxygen absorption far exceeded the normal. Also the rate 
of absorption while .ar above normal at first, gradually fell until 
it reached the normal level. It required 3 days in some instances 
before the normal rate was regained. ‘The results illustrating this 
effect are shawn in Table II. The rate of oxygen absorption 
following an anaerobic period varied directly with the temperature. 
Thus in one instance, after 4 days of oxygen want, the rate of 
oxygen absorption at 5°C. was 7.06 cc. per 100 gm. per hour; 
at 14°C. it was 15.10 ce. per 100 gm. per hour; while at 22°C. it 
was 21.20 ec. per 100 gm. per hour. 


306 Respiratory Processes in Mollusca 


TABLE II. 
Oxygen Absorption Following Period of Anaerobic Condition. 
i- D i f te of b ti 
1 6 days at 14°C. 14.62 
2 7.24 
3 12.25 
4 19.80 
5 21.24 
6 = a 6.99 At 5°C. 
13.75 14°C. 
7 6 days at 14°C. 17.60 
8.46 Aerated 24 hrs. 
8 3 days at 14°C. 19.61 
11.50 Aerated 1 hr. 
11.26 2 hrs. 
9 4 days at 14°C. 14.24 
10 7.13 Aerated 3 hrs. 
3.20 20 “ 
2.33 44 
11 9 days at 8°C. 14.40 
12.84 Aerated 1 hr. 
7.20 xis 18 hrs. 
7.38 a * 
3.24 48 


Glycogen Content Before and After Periods of Oxygen Deficiency. 


It was found that the glycogen content of specimens of Mya 
arenaria gradually fell after they were placed in the laboratory 
tanks. The glycogen content of perfectly fresh specimens cal- 
culated as per cent of wet drained tissue may run over 11 per cent. 
In specimens left in the laboratory tanks for 2 weeks, this was not 
observed to fall below 2 per cent. Specimens with a glycogen 
content of 2 per cent sealed up for a period of 6 days at a tempera- 
ture of 18°C. were found to have only 0.25 to 0.30 per cent 
glycogen. Berkeley (2) has shown that the glycogen content of 
clams falls under anaerobic as well as aerobic conditions in the 
laboratory. 


DISCUSSION. 


The fact that no appreciable change in the hydrogen ion con- 
centration of the celomic fluid could be detected even after several 
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days exposure of specimens of Mya arenaria and Venus mer- 
cenaria to abnormal conditions shows that these forms are capable 
of regulating the reaction of the body fluids quite as well as the 
higher forms. As was previously shown (1) the great increase 
in the carbon dioxide content of molluscan celomic fluid which 
is so readily brought about is due for the most part to increase 
in calcium bicarbonate. The source of the calcium is probably 
twofold; namely, the reserves in the liver and the shell itself. As 
a result of such forms being able to adjust their acid-base balance 
within very wide limits, a very simple method for determining 
metabolic rates under varying conditions is available. 

It was thought probable that the cause of death in many marine 
forms on exposure to anaerobic conditions might be due not somuch 
to oxygen deficiency, as to a change in body fluid reaction due to 
accumulation of acid end-products. Attempts were therefore 
made to prolong the survival time of many forms by adding pre- 
cipitated calcium carbonate to the sea water in which the speci- 
mens were sealed up. Little success was attained however. The 
only forms which could be kept sealed up in oxygen-free sea water 
for long periods were the various calcareous shelled mollusks of 
both the pelecypod and gastropod types. 

As calcareous shelled mollusks such as Mya continue to pro- 
duce carbon dioxide at a fairly uniform rate under anaerobic con- 
ditions, and as this rate is directly dependent upon temperature 
and is depressed by the presence. of potassium cyanide it is evident 
that oxidation still proceeds in the tissues even though the supply 
of oxygen from without is completely cut off. The question there- 
fore arises: What is the source of this oxygen? Does it come 
from the breaking down of glycogen or some other food principle 
with the production of CO, and a paraffin compound such as meth- 
une, or is there some compound in the tissue of the nature of an 
organic peroxide which is capable of supplying oxygen as it is re- 
quired, and which is itself reformed by the taking up of dissolved 
oxygen from the medium. The results which are herein reported, 
taken in conjunction with the negative findings of Berkeley as re- 
lating to a glycogen source for the oxygen would lend a measure 
of support to the latter hypothesis. It is difficult to determine 
with great accuracy the carbon dioxide production by specimens 
of \/ya for very short periods of time, whereas oxygen absorption 
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can be measured with a fair degree of accuracy over periods of 
only a few minutes duration. There was no indication, however, 
in the experiments in which carbon dioxide productionimmediately 
following a period of oxygen want was determined, of a great 
increase in the rate of CO, production parallel with the greatly 
increased rate of oxygen absorption. This point was also tested 
in another manner. Three specimens of Mya were aerated with 
pure nitrogen gas for a period of 30 hours, the carbon dioxide 
which was excreted, being collected in standard baryta. Air 
rendered CQO.-free, was then passed through the system. The 
CO, production for the anaerobic periods was 2.60 cc. per 100 gm. 
per hour, while it increased to 4.27 cc. when the oxygen was re- 
stored. Unfortunately, due to lack of nitrogen gas, this method 
could not at this time be pursued further. As the normal rate 
of oxygen consumption was higher than the average rate of CO, 
production during periods of oxygen want it is probable that the 
metabolic rate may be slightly less in the latter case than in the 
former, and that a slight increase in the metabolic rate might 
therefore be expected, following the renewal of the oxygen supply. 
However, the rate of oxygen absorption for some time following 
renewal of the oxygen supply after anaerobic periods was far in 
excess of any observed increase in CO, production. Further data 
on the CO, production must be obtained to make this point abso- 
lutely definite. ‘This phenomenon points, in our opinion, to the re- 
building of a peroxide in the tissue or to the recuperation of some 
substance which is the source of the oxygen during anaerobic 
periods. 

It would appear then, while from a superficial view-point A/ya 
arenaria and allied molluscan forms are facultative anaerobic 
organisms, that they are not anaerobic in the strict sense of the 
term. They can live for varying periods of time in the absence 
of outside oxygen, but their survival time while long, is neverthe- 
less limited, and is directly proportional to the temperature. A 
possible explanation of the phenomenon of apparent anaerobiosis 
is that the tissues of these forms are capable of storing a large 
amount of oxygen which is readily available for the metabolic 
needs. The time of death under anaerobic conditions one would 
expect to be coincident with the disappearance of the oxygen store. 
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No evidence was obtained which would indicate the exact nature 
of the substance which takes up oxygen and holds it for the use 
of the tissues. That it is not in the celomic fluid or excreted tothe 
water in the container was shown by delivering celomic fluid and 
water used in the experiment into water of known oxygen con- 
tent and noting if any oxygen was fixed by the fluid added. The 
Winkler method was used and no appreciable change in oxygen 
content was demonstrated. It is therefore probable that the 
oxygen holding compound is present in the tissue only. 

While the results so far obtained lead us to suggest the above 
explanation of the phenomenon, sufficient quantitative data have 
not yet been brought forward to justify one in saying that this 
is the only way in which the oxygen used by the clam tissue during 
periods of imposed anaerobic conditions is supplied. 


CONCLUSIONS. 


Calcareous shelled mollusks by virtue of being able to use the 
calcium reserves of the liver and the shell exhibit the power to 
regulate their acid-base equilibrium with such precision that no 
change in the pH index is brought about even when they are sub- 
jected to most abnormal conditions. 

Mya arenaria, when placed under anaerobic conditions will sur- 
vive for a period of time which is dependent upon the temperature. 
During this anaerobic period, carbon dioxide is produced at a 
uniform rate and this rate is accelerated by raising the tempera- 
ture and depressed by lowering the temperature. The graph 
illustrating the temperature effect approximates to a straight line. 

Glycogen disappears from the tissues during anaerobic periods. 
Potassium cyanide depresses the rate of carbon dioxide production 
under anaerobic conditions as well as depressing the oxygen con- 
sumption under normal circumstances. This points to the carbon 
dioxide production under anaerobic conditions as being due to a . 
series of oxidations. 

The rate of oxygen absorption immediately following imposed 
anaerobic periods is much higher than normal. The normal rate 
is regained gradually. 

It is suggested that these forms have a store of available oxygen 
in their tissue which suffices to supply the necessary oxygen when 
the outside supply is cut off. 


| 

| 


310 Respiratory Processes in Mollusca 


These forms are therefore unique in two respects: they can re- 
tain if necessary a large part of the carbon dioxide produced under 
aerobic or anaerobic conditions by virtue of their ability to adjust 
their acid-base equilibrium at widely varying levels; and they 
have a source of oxygen which is available in the tissue for meta- 
bolic needs during long periods of oxygen insufficiency in the 
enveloping medium. 


My thanks are due to the Biological Board of Canada for af- 
fording facilities for the carrying out of a part of the work herein 
reported at the Marine Biological Station, Saint Andrews, Canada. 
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SULFATES IN BLOOD. 


By W. DENIS. 


(From the Laboratory of Physiological Chemistry, Tulane University Medical 
School, New Orleans.) 


(Received for publication, October 21, 1921.) 


Sulfates exist in blood in extremely minute amounts, and as 
the sulfate ion is not known to possess any striking physiologi- 
cal properties but little experimental work has been carried out 
on this phase of blood chemistry. Data concerning the sulfate 
content of blood, obtained by an analysis of the ash, include the 
sulfur present in combination in the protein molecule and have 
therefore but a limited usefulness in a study of the inorganic 
sulfur of this fluid. In fact, the only figures for inorganic sul- 
fates of blood which I have been able to find after a search of the 
literature are those published by De Boer.' This investigator 
furnishes figures for horse blood, the SO, content of which he finds 
to be 0.02123 per cent, ‘‘an amount which is likely to vary in 
the case of different animals and more particularly in different 
periods of feeding.’’ De Boer’s results were obtained by means 
of a sedimentation method proposed by Hamburger? in which 
the volume of barium sulfate resulting from the treatment of the 
sulfate-containing liquid with hydrochloric acid and barium chlo- 
ride is measured after centrifuging in a special calibrated tube. 
Protein-free filtrates were obtained by filtration through a cel- 
loidin filter under a pressure of five atmospheres. The deter- 
mination of small amounts of sulfate by means of the turbidi- 
meter has been in use among technical chemists for many years, 
and I have found it possible after a considerable amount of ex- 
perimental work to apply the same analytical principle in the 
determination of sulfates in blood and serum, although on ac- 
count of the exceedingly small amount of material to be deter- 


1 De Boer, S., J. Physiol., 1917, li, 211. 
? Hamburger, H. J., Biochem. Z., 1916, |xxvii, 168. 
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mined it has been necessary to substitute the nephelometer for 
the turbidimeter. 

Briefly stated the procedure consists in the removal of protein 
by means of a solution of mercuric chloride and hydrochloric 
acid, the formation of colloidal barium sulfate in the filtrate, 
and the measurement of the density of this precipitate by means 
of the nephelometer. 

My preliminary experiments were carried out on beef blood, 
but when after a satisfactory technique had been attained I 
attempted to apply this method to human blood I was unable 
to obtain results, because the sulfate content of human blood is 
but a fraction of that contained in the blood of any species of 
animal examined. 

The method as applied successfully to the blood of a variety 
of animals (see Table II) is as follows: 

The blood is collected by venous puncture and coagulation 
prevented by means of powdered sodium citrate (30 mg. per 
10 cc. of blood) in the manner usually followed in the case of 
specimens intended for chemical examination. To 10 ce. of 
blood or plasma contained in a 200 cc. Erlenmeyer flask are 
added an equal volume of 0.02 n hydrochloric acid and after an 
interval of 5 minutes 30 cc. of a 5 per cent solution of mercuric 
chloride containing 5 cc. of concentrated hydrochloric acid 
(sp. gr. 1.178) per liter. After vigorous shaking the mixture is 
allowed to stand for 1 hour and is then filtered through a dry 
11 cc. filter paper. Filtration is fairly rapid and the filtrate 
should be absolutely clear. For this filtration the use of. a high 
grade of ‘‘ashless” filter paper is essential; I have used What- 
man’s No. 44, which has been found free from all traces of sulfate. 

For the determination of total inorganic sulfates 10 cc. of the 
clear filtrate (equivalent to 2 cc. of whole blood or plasma) are 
pipetted into a 100 cc. beaker, and to this are added 5 cc. of a 1.0 
per cent solution of ammonium nitrate, and with stirring 5 ce. 
of a 1.0 per cent solution of barium chloride containing 5 cc. of 
concentrated hydrochloric acid per liter. After a period of 10 
minutes the colloidal suspension of barium chloride is compared 
to a standard which has been prepared simultaneously with the 
unknown in the following manner: To 10 ce. of a standard solu- 
tion of potassium sulfate (equivalent to 0.10 mg. of sulfur) are 
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added 10 cc. of the acid mercuric chloride solution, 10 cc. of 1.0 
per cent ammonium nitrate, and 10 cc. of 5 per cent barium 
chloride. 

To calculate the results divide the reading of the standard 
(usually 20) by the reading of the unknown and multiply the 
dividend by 50. This will give the result expressed as milligrams 
of sulfur per 100 ec. of blood. 

To determine inorganic sulfates in normal human blood the 
procedure is as follows: 5 cc. of oxalated blood or plasma are 
treated with 5 cc. of 0.1 n hydrochloric acid, 5 cc. of 5 per cent 
mercuric chloride solution, and 0.3 gm. of finely powdered mer- 
curic chloride. The mixture is then shaken vigorously for 5 
minutes, and at intervals for 1 hour, and is then poured on a 
small dry ‘‘ashless”’ filter. 5 cc. of this filtrate, which should of 
course be absolutely clear, are treated with 1 cc. of a 1.0 per cent 
solution of ammonium nitrate and 1 cc. of the acidified barium 
chloride solution described above, and the turbidity so produced 
is compared after an interval of 10 minutes with a standard 
prepared by adding to 10 cc. of a standard solution of potassium 
sulfate 10 cc. of 5 per cent mercuric chloride solution, 4 cc. of 
1.0 per cent ammonium nitrate, and 4 cc. of 1,0 per cent barium 
chloride solution. 

While the technique described above gives excellent results 
with normal material it will be found that with pathological 
specimens the amount of sulfate present is sometimes so much 
increased that it is impossible to obtain a colloidal suspension of 
barium sulfate which will not precipitate. In such cases it is 
desirable if a sufficient amount of material is available to use the 
technique described for use with animal blood. 

As the sulfate concentration of human blood shows greater 
variations than does the blood of animals it is usually desirable 
to make use of three standard solutions of potassium sulfate of 
which 10 ce. are equivalent to 0.1, 0.05, and 0.03 mg. of sulfur 
respectively. - 

Ammonium nitrate has been used because it facilitates the 
formation of colloidal suspensions of barium sulfate. Mercuric 
chloride was chosen after a trial of the more commonly used pro- 
tein precipitants as it appears to be the only one of these reagents 
which does not in some way interfere with subsequent precipita- 
tions of barium sulfate. 
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All chemicals used should of course be tested for the presence 
of sulfates. All specimens of hydrochloric acid and ammonium 
nitrate examined have proved free from this impurity, but sev- 
eral samples of c. Pp. mercuric chloride have been found to con- 
tain appreciable amounts. Mercuric chloride can easily be 
purified so that it no longer gives precipitates with acidified 
barium chloride solutions by several (from three to five) recrys- 
tallizations from hot water. 

The standard solutions of potassium sulfate were made from 
the recrystallized salt. It is most convenient to prepare a stock 
solution containing 5.4370 gm. of K,SO, per liter, 1 cc. of which 
is equivalent to 1 mg. of sulfur, and from this strong solution 
to prepare by suitable dilution the three weaker standards. 

The procedure described above is believed to furnish a method 
of measuring the inorganic sulfates of the blood, with an accuracy 
of approximately 95 per cent. It would seem probable that 
other forms of sulfate analogous to the ethereal sulfate and neu- 
tral sulfur of urine exist in blood.* I have carried out a number 
of experiments to obtain evidence of the presence of these forms 
of sulfur in blood but have invariably obtained negative results. 

In an attempt to demonstrate the existence of ethereal sul- 
fates in blood 10 cc. portions of the blood filtrate deproteinized 
by means of mercuric chloride were heated (after the addition 
of 1 cc. of concentrated hydrochloric acid) in a boiling water 
bath for periods of from 4 to2 hours. After cooling, an amount 
of alkali just sufficient to neutralize the acid was added and the 
mixture then treated with an acid solution of barium chloride. 


’ This procedure has been carried out on a considerable number of 


samples of both human and animal blood, but in no case have 
I been able to obtain evidence of the existence of conjugated 
compounds of sulfuric acid, as shown by an increase in the sul- 
fates after the above acid treatment. In my search for the 
presence of sulfur compounds existing in the form of ‘‘neutral 
non-protein sulfur’? I have oxidized portions of the mercuric 
chloride filtrate with potassium chlorate and with nitric acid, 
without, however, obtaining evidence of any increase in the 
amount of barium sulfate precipitate obtained after this oxidation. 


3 Kahn, M., Proc. Soc. Exp. Biol. and Med., 1918-19, xvi, 139. 
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While the above results can scarcely be taken to furnish abso- 
lute and final proof of the non-existence of conjugated forms of 


TABLE I. 
Recovery of Potassium Sulfate Added to Blood. 


S per 100 cc. 
Kind of blood. 
ones Sulfate added. Theory. Found. 

1.88 0.5 2.38 2.35 
1.88 1.0 2.88 2.97 
1.88 2.0 3.00 3.92 
1.88 2.0 3.88 3.90 
1.88 4.0 5.88 5.81 

0.9 0.3 1.20 1.18 

0.9 1.0 1 1.90 
0.9 4.0 4.90 5.00 
TABLE II. 
Inorganic Sulfates in the Blood of Animals. 
Animal. Remarks. 
mg. 

2.6 Average of 18 specimens. 

Guinea pig 1................. 2.0 

sulfur in blood, they at least indicate that if sulfur compounds of 

this type do exist in this fluid the amounts present must be exceed- 

ingly minute. 
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TABLE II. 
Inorganic Sulfates in Human Blood. 
Inorganic SO«. Non-protein 
No. Diagnosis. S per 100 cc. nitrogen per 
of blood. 100 cc. of blood. 
mg. mg. 
1 Normal. 0.5 
2 si 0.5 
3 
4 og 0.7 
5 0.7 
6 0.9 
7 1.0 
1.0 
9 1.0 
10 es 1.1 
11 Pregnancy. 1.3 30 
12 1.0 28 
13 ephritis. 1.2 41 
14 Pellagra. 0.7 25 
15 Hyperthyroidism. 0.6 32 
16 Cardiorenal disease. 0.7 32 
17 Nephritis. i 0.6 35 
18 - 1.6 35 
19 Leucemia. 7.0 68 
{ 20 Nephritis. 3.5 55 
| 21 Epilepsy. 0.5 - 39 
i 22 Intestinal obstruction. 3.0 45 
23 Diabetes. 1.0 
24 Nephritis. 8.7 75 
25 2.0 38 
26 3.0 55 
27 wi 2.7 60 
i 28 ™ 3.2 65 
29 3.8 62 
Hi 30 Cardiorenal disease. 1.2 40 
| 31 0.7 33 
32 0.8 33 
if 33 “ “ 0.7 28 
34 1.0 35 
| t 35 Uremia 5.0 174 
36 4.6 80 
37 6.2 
38 8.0 
39 12.5 
40 12.0 
41 16.0 
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In Table I are shown the results obtained when various 
amounts of potassium sulfate are added to beef and to human 
blood. ‘Table II contains figures obtained on the blood of vari- 
ous animals and in Table III are collected the results of the 
examination of human blood, both normal and _ pathological. 


SUMMARY. 


The inorganic sulfates of blood, as determined by a new and 
simple method, a description of which is given is found to amount 
to from 1.8 to 4.0 mg. of sulfur per 100 cc. of blood in the case 
of various species of animals and from 1.0 to 0.5 mg. in normal 
human blood. In nephritics with nitrogen rejgntion there is 
also found a retention of inorganic sulfate, fi as high as 12 
and 16 mg. having been obtained. © 

Experiments made with a view to obtain idence of the 
existence in blood of conjugated compounds of sulfuric acid, and 
of bodies analogous to the neutral sulfur fraction of urine, have 
given negative results, indicating the probable non-existence of 
this class of bodies or the fact that they are present in amounts 
so minute that their presence cannot be detected by the methods 
now in use. 
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SOME OBSERVATIONS ON CREATINE FORMATION IN 
A CASE OF PROGRESSIVE PSEUDOHYPERTROPHIC 
MUSCULAR DYSTROPHY. 


By R. B. GIBSON anp FRANCES T. MARTIN. 


(From the Chemical Research Laboratory of the Department of Theory and 
Practice of Medicine and Clinical Medicine, in Cooperation with the— 
Department of Home Economics and the Graduate College, the 
State University of Iowa, Iowa City.) 


(Received for publication, October 3, @-) 


In the course of a study of a series of “>: we found 
that creatine administered by mouth was 1 part or com- 


pletely eliminated in advanced, progressive pseudohypertrophic 
muscular dystrophy cases. This confirms the earlier observa- 
tions of Levene and Kristeller! who estimated the creatine con- 
tent of beef given such patients. 


Recovery of considerable amounts of ingested creatine in established 
creatinurias has been reported by Krause? for normal children, by Powis 
and Raper’ in myotonia congenita, and by Gamble and Goldschmidt‘ for 
normal infants. Our muscular dystrophy patients have shown a much 
diminished creatinine coefficient and a high degree of creatinuria; appar- 
ently the power to convert creatine, both preformed and produced in 
intermediate metabolism, is markedly impaired. We shall present else- 
where evidence that the abnormalities of carbohydrate metabolism in 
muscular dystrophy (Janney, Goodhart, and Isaacson; McCrudden®) are 
not responsible for the creatinuria in the sense of the carbohydrate defi- 
ciency of Mendel and Rose.’ We are convinced that such cases afford a 
unique opportunity to study the problems of creatine formation in man. 


1 Levene, P. A., and Kristeller, L., Am. J. Physiol., 1909, xxiv, 45. 

? Krause, R. A., Quart. J. Exp. Physiol., 1914, vii, 87. 

3 Powis, F., and Raper, H. S., Biochem. J., 1916, x, 363. 

4 Gamble, J. L., and Goldschmidt, S., J. Biol. Chem., 1919, xl, 199, 215. 

5 Janney, N. W., Goodhart, S. P., and Isaacson, V. I., Arch. Int. Med., 
1918, xxi, 188. | 

6 McCrudden, F. H., Arch. Int. Med., 1918, xxi, 256; J. Am. Med. Assn., 
1918, Ixx, 1216. 

7 Mendel, L. B., and Rose, W. C., J. Biol. Chem., 1911-12, x, 213. 
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The controversy as to whether creatine formation is primarily exogen- 
ous or endogenous has yielded the following facts: 

Creatinuria has been more easily established in normal adults (older 
children, women, adult males after creatine administration) on a high 
protein diet than on a low protein intake (Folin and Denis*; Denis and 
Minot); however, negative results are reported (Rose'?; Rose, Dimmitt, 
and Bartlett!!; Stearns and Lewis!2). 

In subibltched creatinuria, the creatine excretion is increased in going 
from a low protein to a high protein diet (Levene and Kristeller'!; Talbot 
and Gamble!*; Denis!*; Denis and Kramer; McCollum and Steenbock’; 
Steenbock and Gross!7; Harding and Young!®). 

In established creatinuria, ingested creatine is largely or completely 
recovered in the urine, in part as creatinine (Levene and Kristeller; Krause; 
Powis and Raper; Gamble and Goldschmidt). Preformed creatine may 
account for part of the creatine elimination in supposed creatine-free diets, 
and must be takqgpinto consideration (Gamble and Goldschmidt). 

It is indicate iiielene. that creatine may have an exogenous as well 
as an endogeno That is, it is a product of the catabolism of 
tissue, reserve, d proteins. In the normal adult, creatine under- 
goes further chan It is not completely destroyed under conditions of 
carbohydrate deficiency (Mendel and Rose) or muscular insufficiency 
(Shaffer!®), but is excreted into the urine as such and in smaller part as 
creatinine. 

Attempts to find a precursor of creatine among the protein cleavage pro- 


‘ducts have centered on the amino-acid arginine and related bases. Nega- 


‘tive results are reported by von Hoogenhuyze and Verploegh?°® following the 
angestion of casein and gelatin, proteins relatively rich in arginine. Jaffé?! 
and also Baumann”:.”* injected arginine into animals without finding an in- 


8 Folin, O., and Denis, W., J. Biol. Chem., 1912, xi, 253. - 

9 Denis, W., and Minot, A. 8., J. Biol. Chem., 1917, xxxi, 561. 

10 Rose, M.S8., J. Biol. Chem., 1917, xxxii, 1. 

11 Rose, W. C., Dimmitt, J. S., and Bartlett, H. L., J. Biol. Chem., 
1918, xxxiv, 601. 

12 Stearns, G., and Lewis, H. B., Am. J. Physiol., 1921, lvi, 60. 

13 Talbot, F. B., and Gamble, J. + Am. J. Dis. Child., 1916, xii, 333. 

14 Denis, W., J. Biol. Chem., 1917, xxix, 447; xxx, 47. 

15 Denis, W.. and Kramer, J. G., J. Biol. Chem, 1917, xxx, 189. 

16 McCollum, E. V., and Steenbock, H., J. Biol. Chem., 1912-13, xiii, 209. 

17 Steenbock, H., and Gross, E. G., J. Biol. Chem., 1918, xxxvi, 265. 

18 Harding, V. J., and Young, E. G., J. Biol. Chem., 1920, xli, p. xxxv. 

19 Shaffer, P. A., im: J. Physiol., 1908-09, xxill, 1. 

29 von Moegenhuy ze, C. J. C., and Verploegh, H., Z. physiol. Chem. i 
1908, lvii, 161. 

21 Jaffé, M., Z. physiol. Chem., 1906, xlviii, 430. 

22 Setunena, L., and Marker, J., J. Biol. Chem., 1915, xxii, 49. 

23 Baumann, L., and Hines, H. M., J. Biol. Chem., 1918, xxxv, 75. 
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crease in creatine formation. Thompson” has reported numerous experi- 
ments in the course of which arginine was injected into rabbits, dogs, and 
ducks; he was able to observe an increase in creatine excretion and the 
muscle content in creatine in most instances. Myers and Fine* obtained a 
higher muscle content in creatine for rats fed on the arginine-rich protein 
edestin. Inouye?* observed some formation of creatine from arginine added 
to liver extracts, and in liver perfusion experiments. Jaffé showed that 
glycocyamine might be converted into creatinine and creatine in experi- 
ments with rabbits; Doerner?’ confirmed this, finding also that glycocy- 
amidine was changed to creatinine. Mellanby”* obtained no effect when 
glycocyamine was fed to rabbits and fowls. Baumann and Hines? found 
no evidence of the methylation of glycocyamine in the perfused liver in situ, 
though subcutaneous injection resulted in increased creatine excretion. ° 
Riesser*® augmented the creatine content of rabbit muscle by injecting 
(with urea) choline and betaine; the administration of sarcosine with urea 
_ led to creatine formation in a number of experiments, Baumann and 
Hines*! failed to obtain decisive results in perfusion experiments with 
sarcosine, betaine, choline, and methyl guanidine. owas and Goerne*? 
obtained no creatinine formation in experiments w csids caproic 
acid and y-methyl aminobutyric acid. Harding and Y oung*® have reported 
that cystine administration intensified the creatinuria in young dogs. 
Recently, Gross and Steenbock* report that arginine given to pigs caused 
an increased creatine excretion; positive results obtained with cystine 
are explained by a resulting acidosis. From a study of the creatine elimi- 
nation when sheep’s thyroid was fed to pigs, they suggest that creatine 
formation is primarily dependent upon the balance that obtains between 
the arginase and the oxidative systems whereby arginine is destroyed; the 
thyroid principle accelerates the latter at the expense of the former.*° 


Before presenting the results obtained, we wish to explain that 
variations in the daily creatinine output in muscular dystrophy 
cases may be considerable, even with constant diet and care; 
Levene and Kristeller report a similar experience. The constancy 


24Thompson, W. H., J. Physiol., 1917, li, 111, 347. 
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of the creatinine excretion cannot be the commonly accepted 
check on the collection of the day’s specimen (cf. McCrudden 
and Sargent*) for such cases. 


EXPERIMENTAL. 


The experimental data which we present were obtained on one 
of our series of muscular atrophy cases (Case 7). We had hoped 
to confirm and extend these observations, but owing to more 
pressing clinical problems, it has been impossible to do so. A 
preliminary report of our findings has been made.®”’_ A brief de- 
scription of the case follows: 


W. Stil., white, male, 12 years of age, weight 30.5 kilos, entered the 
State University of Iowa Hospital on Sept. 5, 1919. The patient had not 
walked for 2 years, but the condition had been noted 2 years before that 
time. The dia was progressive pseudohypertrophic muscular 
dystrophy. There was general muscular weakness and marked atrophy, 
especially of the deltoids. There were contractures of the hamstrings, 
toes, and hips. The calf muscles showed the characteristic pseudo- 
hypertrophy. The patient was observed for 3 months in the metabolism 
unit. At the time of his discharge from the hospital, he weighed 39 kilos. 
The metabolic findings are given in Table I. 


Three low protein periods are given, days 2 to 8 inclusive, 
26 to 34 inclusive, and 76 to 79 inclusive; the protein intake for 
the first two periods was 31.6 gm. and for the third 40 gm.; the 
energy value was 1,600 calories. Throughout the observations, 
the diet was non-purine and non-creatine. The diet for days 
2 to 8 consisted of bread and honey with 250 gm. of milk. On 
the low protein diet, the total nitrogen elimination was about 
3 gm., the creatinine from 0.12 to 0.15 gm., and the creatine a 
little over 0.3 gm. Ingested creatine is completely and promptly 
eliminated (days 5 and 28). 

On a high protein régime (75 gm. of protein), the creatinine 
excretion was increased so that figures of 0.16 to 0.175 are the 
rule; the creatine elimination at times was over 0.5 gm. per day. 
The total nitrogen varied from 6.25 to 8.67 gm. The figures are 
for the periods on days 16 to 22 and 40 to 47. The creatine curve 
follows the urea nitrogen rather than the total nitrogen excre- 


36 McCrudden, F. H., and Sargent, C.S., Arch. Int. Med., 1916, xvii, 465. 
37 Gibson, R. B., and Martin, F. T., J. Biol. Chem., 1920, xli, p. xxxvi. 
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TABLE I. 
gm. gm. gm. gm. gm. 
2 | 2.07 0.151 | 0.312 | 31.6 
3 | 3.02 0.129 | 0.331 | 31.6 
4 | 2.49 0.121 | 0.331 | 31.6 
5 | 3.63 0.166 | 0.672 | 31.6 | Creatine, 0.5 gm. by mouth. 
6 | 3.32 0.140 | 0.445 | 31.6 
7 | 3.48 0.141 | 0.334 | 31.6 
8 | 2.92 0.141 | 0.289 | 31.6 
16 | 6.25 0.178 | 0.394 | 75.0 
17 | 6.45 | 4.98 | 0.162 | 0.487 | 74.0 
18 | 6.59 | 5.26 | 0.173 | 0.398 | 76.0 
19 | 7.24 | 5.82 | 0.177 | 0.465 | 75.0 | Diet included 63.8 gm. of 
edestin. 
20 | 7.74 | 4.06 | 0.136 | 0.342 | 77.0 |} Diet included 40.0 gm. of 
edestin. 
21 | 7.50 | 4.92 | 0.176 | 0.484 | 76.0 
22 | 7.16 | 4.14 | 0.170 | 0.338 | 76.0 
26 | 3.98 | 2.20 | 0.144 | 0.295 | 32.0 
27 | 3.01 | 2.16 | 0.126 | 0.308 | 32.0 
28 | 4.21 | 3.04 | 0.160 | 0.782 | 31.0 | Creatine, 0.6 gm. by mouth. 
29 | 3.59 | 2.30 | 0.157 | 0.388 | 32.0 
30 | 3.17 | 2.21 | 0.144 | 0.310 | 32.0 
31 | 3.12 | 2.11 | 0.142 | 0.305 | 33.0 
32 | 3.15 | 2.30 | 0.142 | 0.312 | 32.0 
33 | 3.15 | 2.20 | 0.149 | 0.292 | 33.0 
34 | 3.25 | 2.08 | 0.150 | 0.317 | 33.0 | Glucose, 55 gm. by mouth. 
40 | 6.71 | 4.85 | 0.154 | 0.530 | 75.0 
41 | 7.32 | 5.04 | 0.173 | 0.510 | 75.0 
43 | 8.67 | 5.89 | 0.169 | 0.555 | 75.0 
44 | 7.55 | 4.45 | 0.168 | 0.457 | 75.0 
45 | 8.34 | 4.85 | 0.172 | 0.525 | 75.0 
46 | 8.11 | 6.45 | 0.170 | 0.493 | 75.0 | Diet included 63.5 gm. of 
edestin. 
| 47 | 7.55 | 5.78 | 0.157 | 0.448 | 75.0 
48 | 7.65 | 4.99 | 0.159 | 0.415 | 75.0 
49 | 8.18 | 6.02 | 0.159 | 0.477 | 75.0 
50 |10.25 | 8.15 | 0.174 | 0.640 | 75.0 | Diet included 50.3 gm. of 
gelatin. 
51 Urine lost; diet as on day 50. 
o2 | 9.69 | 8.02 | 0.180 | 0.654 | 75.0 | Diet included 55 gm. of gelatin. 
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TABLE I—Concluded. 

gm. gm. gm. gm. qm. 
53 | 8.86 | 7.24 | 0.179 | 0.615 | 75.0 | Diet as on day 52. 
54 | 7.04 | 5.63 | 0.162 | 0.560 | 75.0 
55 | 7.88 | 6.55 | 0.174 | 0.546 | 74.0 
56 | 7.69 | 5.94 | 0.168 | 0.525 | 75.0 | Sarcosine, 1 gm. by mouth. 
57 | 8.27 | 7.21 | 0.170 | 0.534 | 75.0 
58 | 7.46 | 6.06 | 0.168 | 0.552 | 75.0 | Asparagine, 1 gm. by mouth. 
59 | 7.60 | 6.20 | 0.162 | 0.560 | 75.0 
60 | 7.41 | 5.85 | 0.161 | 0.757 | 75.0 | Glyeocyamine, 0.5 gm. by 

mouth. 

61 | 7.55 | 6.07 | 0.162 | 0.638 | 75.0 
62 | 9.60 | 7.46 | 0.162 | 0.610 |136.0 | Hordein, 61 gm. added to diet. 
63 | 7.64 | 6.07 | 0.162 | 0.475 | 76.0 
66 | 8.58 | 6.13 | 0.155 | 0.478 | 75.0 
67 | 7.51 | 6.24 | 0.152 | 0.514 | 75.0 
68 /|11.00 | 8.82 | 0.190 | 0.689 | 75.0 
69 | 9.80 | 7.56 | 0.197 | 0.637 | 75.0 
70 | 8.19 | 5.67 | 0.151 | 0.417 | 75.0 
71 | 8.40 | 6.99 | 0.148 | 0.447 | 76.0 
74 | 5.46 | 3.87 | 0.147 | 0.3872 | 40.0 
75 | 5.18 | 4.11 | 0.159 | 0.3876 | 40.0 
76 =| 4.69 | 3.32 | 0.153 | 0.298 | 40.0 
77 =| 4.48 | 2.57 | 0.148 | 0.313 | 40.0 | Sodium benzoate, 4 gm. 
78 | 4.38 | 3.08 | 0.147 | 0.313 | 40.0 
79 | 3.99 | 2.44 | 0.147 | 0.306 |. 40.0 
80 0.142 | 0.272 | 40.0 | Histidine, 1.2 gm. by mouth. 
tion. Replacement of 63.5 gm. of the protein of the diet by the 


arginine-rich protein edestin (days 19 and 46) failed to increase 
the creatine output over figures for some of the control days. 
In order to increase the catabolism of the ingested protein, 
and try out the effect of feeding the incomplete protein gelatin, 
50 to 55 gm. of gelatin were substituted for corresponding amounts 


of the mixed protein of the diet (days 49 to 53). 


Gelatin is 


practically creatine-free, commercial samples analyzed by Miss 
Booher in this laboratory contained 25 to 32 mg. of total creati- 
nine per 100 gm. of gelatin of which only 1 to 6 mg. represent 
creatine. 


An increased elimination of total nitrogen (10.25 gm.), 
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urea nitrogen (8.15 gm.), creatinine (0.180 gm.), and creatine 
(0.654 gm.) resulted. Unfortunately, the specimen for day 51 
was lost. The increased catabolism is to be regarded as exog- 
enous, since Murlin has shown that nitrogen equilibrium can be 
maintained on a low level when two-thirds of the protein of the 
diet are replaced by gelatin. The progressive nitrogen reten- 
tion (days 52 and 53) probably indicates an adjustment of the 
metabolism to utilize part of the amino-acids of the gelatin for 
growth purposes. Some days later (days 67 to 72), the patient 
for some unknown reason catabolized all of the ingested protein 
on 1 day and the metabolism was 2 more days in returning to the 
previous level. The metabolic picture is much like that ob- 
tained for the gelatin substitution experiment just presented. 

In a further attempt to associate characteristically constituted 
proteins with creatine formation, hordein was given on 1 day; 
this protein yields no lysine on cleavage and is rich in proline. On 
account of possible deficient digestion and absorption of the pro- 
lamine protein preparations, 61 gm. of hordein were given in ad- 
dition to the 75 gm. of the protein of the diet. In spite of an 
increase in the total and urea nitrogens, the creatine fell on this 
day and reached a low figure on the following day. The ex- 
periment is not satisfactory, however, as the creatine had not 
reached its customary level on account of the glycocyamine ob- 
servation. 

Sarcosine (day 56) and asparagine (day 58) were each without 
effect when given the patient. At least 36 per cent of 0.5 gm. 
of glycocyamine was converted into creatine without affecting 
the creatinine figure (day 60). Correction was made for the con- 
version of glycocyamine into glycocyamidine in the creatine anal- 
vses by a control determination after adding 50 mg. of gly- 
cocyamine to a tenth of the urine of a later day; 20 per cent of 
the glycocyamine was so converted. Assuming that glycocya- 
mine might be a stage in creatine synthesis in the body from 
glycine and the guanidine nucleus, 4 gm. of sodium benzoate were 
given to divert part of the available glycine as hippuric acid 
(day 78). The results were negative. 1.2 gm. of histidine was 
given the patient on the last day that he was in the hospital. 
There was no effect on the creatinine or creatine excretion. 
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Confirmatory evidence as to the effect of high protein intakes 
on creatinine and creatine excretion has been obtained on other 
progressive pseudohypertrophic muscular dystrophy cases in our 
series. The substitution (or addition to the diet) of egg white 
protein has not indicated that the high cystine content is more 
effective in inducing creatine elimination. The administration 
of cystine has given negative results also. 


CONCLUSIONS. 


The following conclusions may be drawn from the data pre- 
sented: 

Ingested creatine was promptly and completely eliminated 
chiefly as creatine, in part as creatinine, in an advanced pro- 
gressive psecudohypertrophic muscular case. 

The creatine and to a lesser extent the creatinine excretion was 
increased as the result of a greater protein intake. 

This increase is obtained only from the protein that is catab- 
olized, including gelatin, and not from that retained for growth 
purposes. Preformed creatine in the diet was not an important 
factorto be considered in interpreting the results. 

The substitution of the arginine-rich protein edestin for 0.8 of 
the protein of the diet failed to increase the creatine excretion. 

Hordein added to the diet increased the total nitrogen and urea 
elimination, but probably was without effect on the creatine; this 
observation is indicative only. 

Ingested sarcosine and asparagine did not lead to an increase 
in the creatine excretion. Glycocyamine was converted in part 
(at least 36 per cent) into creatine. It is probably not a stage 
in ordinary creatine formation. 

Experiments with cystine have been negative. 


“es 


THE ACTION OF NITROUS ACID ON CASEIN.* 


Bry MAX S. DUNN HOWARD B. LEWIS.t 


(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana.) 


(Received for publication, October 11, 1921.) 


INTRODUCTION. 


The current theory of the nature of the free amino groups of 
the protein molecule holds that these consist largely of the epsilon 
amino groups of lysine. This assumption is based upon the evi- 
dence obtained by Van Slyke and Birchard (1) and others (2) 
who found that the nitrogen liberated from native proteins by 
the action of nitrous acid for 30 minutes was approximately one- 
half of the lysine nitrogen present. However, it was the view of 
Kossel and Gawrilow (3) that the existence of a quantitative re- 
lationship between the free amino nitrogen and the lysine content 
of a protein was improbable. Evidence in support of this view 
has recently been obtained by Edlbacher (4) and by Felix (5) 
who believe that there are free amino goups in the protein mole- 
cule other than those of lysine. These investigators observed 
that the lysine-free proteins, clupeine and salmine, methylated as 
easily as lysine-containing proteins and that the free amino nitro- 
gen content of histones, sturines, gelatin, and glycinin was greatly 
in excess of one-half of the lysine nitrogen of these proteins. It 
has also been shown by Herzig (6) that deaminized gelatin is 
methylated as easily as gelatin itself. These observations would 
seem to establish the fact that there are groups in the protein 


* An abstract of a thesis submitted by Max S. Dunn in partial fulfil- 
ment of the requirements for the Degree of Doctor of Philosophy in the 


Graduate School of the University of Illinois. 
t We wish to acknowledge our indebtedness to Professor Lafayette B. 


Mendel, of Yale University, who some years ago called the attention of 
the senior author (L) to certain aspects of Skraup’s work. 
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molecule, other than the free amino groups of lysine, which are 
capable of methylation but it does not follow of necessity that all 
of the groups which have been methylated are free amino in 
character. 

In view of the importance of this problem it seemed desirable 
to undertake a careful study of the product formed by the treat- 
ment of proteins with nitrous acid. Inasmuch as casein is 
easily obtained pure and its deaminaton product is insoluble, 
this protein was chosen for a study of the effect of deamination on 
the properties and composition of the protein molecule. 


The Preparation of Deaminized Casein. 


Pure casein was prepared according to the procedure of Van 
Slyke and Bosworth (7) omitting the treatment with ammonium 
oxalate. 

Nitrous acid was first used as a deaminizing agent for proteins 
in 1885 by Loew (8). This investigator found that one-third of 
the nitrogen of peptones was liberated by the action of nitrous 
acid. In 1896 Paal (9) used silver nitrite and hydrochloric acid 
to deaminize gelatin peptones, while in the same year Schiff (10) 
obtained a straw-yellow compound by the interaction of nitrous 
acid and egg albumin. 2 years later Schrétter (11) observed the 
formation of a similar substance from peptones. In 1908 Treves 
and Salomone (12) allowed nitrous acid to react with egg albumin 
and obtained a yellow product which they believed was diazo 
albumin. Deaminized gelatin was obtained by Blasel and 
Matula (13) in 1914. 

Skraup (14) and his pupils have prepared and studied the 
deaminized products of the following proteins: casein (15); gela- 
tin (16); albumin (17); serum globulin (18); and edestin (19). 
Deaminized albumin, gelatin, and casein (20) and deaminized 
gliadin and vitellin (21) have been prepared and investigated by 
Levites. 

-Levites and Skraup have been largely responsible for perfecting 
the methods used in preparing deaminized protein products. In 
the first method of Levites (20) a paste was made from the protein 
and sodium nitrite, warmed on the water bath, treated with dilute 
acetic acid, and the resulting olive-green product dried 7n vacuo. 
In his second (21) procedure Levites produced an emulsion of the 
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protein by agitating it vigorously in a shaking machine with 10 
per cent acetic acid. This emulsion was warmed gently on the 
water bath with a 10 per cent solution of sodium nitrite and the 
resulting yellow product filtered, washed with alcohol and ether, 
and dried in vacuo. In the method used by Skraup (15) an acid 
solution of the protein, prepared by adding glacial acetic acid to a 
uniform suspension of the protein in water, was warmed gently 
with sodium nitrite on the water bath and the yellow product 
drained off on linen, desiccated, and dried in air. 

In the present series of experiments deaminized casein was pre- 
pared according to the methods outlined by Levites and Skraup. 
It was difficult to obtain a product of uniform color and appearance 
while the yield of 70 per cent reported by Skraup was rarely ex- 
ceeded. ‘There are several objections to the use of a shaking 
machine as employed by Levites. It requires several hours to 
emulsify small amounts of protein and the emulsified product 
almost invariably contains gelatinous lumps which must be ground 
up in a mortar to avoid contamination of the deaminized product 
with unchanged protein. Most of the methods used for the prep- 
aration of deaminized proteins employ heat up to 40°C. to effect 
complete deamination of the protein. It is possible that this 
application of heat may cause a slight hydrolysis and other change 
in the protein. 

It is believed that the following procedure overcomes the ob- 
jections cited above. 100 gm. of casein were added to 2 liters of 
distilled water contained in a 5 liter Pyrex flask. After stirring 
vigorously for 30 minutes with a mechanical stirrer a uniform 
suspension of the protein resulted. To this suspension 140 cc. of 
glacial acetic acid were added dropwise, with continued stirring, 
during the course of 1.5 hours. At the expiration of 20 minutes a 
good emulsion was formed, while at the end of the period, solution 
was effected. To this solution, 500 cc. of a solution of sodium 
nitrite containing 80 gm. to the liter were added dropwise, with 
continued stirring, during the period of 1.5 hours. After 150 ce. 
of this solution had been added a deep yellow precipitate rose to 
the top of the liquid as a yellow layer which, after standing for 
18 hours, was filtered on a Buchner funnel using suction and a 
hardened filter paper. After triturating this substance fifteen 
times with hot water to the disappearance of an acid reaction to 
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litmus, it was granular and light yellow in color while the aqueous 
filtrate was similarly colored. The yellow precipitate obtained 
by triturating four times with 95 per cent alcohol was thoroughly 
desiccated by triturating three times with dry ether, drying in air 
for 30 minutes, and in the oven at 80°C. for an equal length of 
time. Although the alcoholic filtrate was highly colored the pre- 
cipitate appeared to have lost but little of its yellow color in the - 
washing process. 

The deaminized product was of a uniform color and appearance 
and it was possible to secure practically a complete transforma- 
tion into the deaminized form. From three 100 gm. samples of 
the original casein yields of 90, 95, and 97.5 gm. of the oven-dried 
products were obtained. These deaminized products, designated 
subsequently as deaminized caseins A-64, A-66, and A-68 were 
very fine and powdery when passed through an 80 mesh sieve. 

With the second method of Levites, 17 gm. of deaminized 
casein A-18 were prepared from 25 gm. of casein. However, 
instead of permitting a complete deamination to occur the white 
precipitate formed upon the addition of the sodium nitrite solu- 
tion was filtered on a Buchner funnel as soon as possible. This 
precipitate, which was triturated fourteen times with hot water, 
three times with 95 per cent alcohol, and twice with dry ether, 
was only faintly colored yellow. 


The Properties of Deaminized Proteins. 


Color.—Without exception, the deaminized protein products 
cited in the literature are yellow in color. The products prepared 
in the present research were colored light yellow when first pre- 
pared, but surfaces exposed to the light for a time became light 
brown. ‘Treves and Salomone (12) believed that these substances 
were diazo derivatives since they responded to the reactions given 
by diazo compounds. It is known, however, that primary aliphatic 
amines do not react with nitrous acid under ordinary conditions to 
give stable diazo derivatives. Furthermore were this a reaction 
with the amide groups which are present acids would be produced 
(22) and not diazo products. Therefore the assumption of these 
authors seems untenable. 

It is possible that deaminized proteins are colored because of the 
formation of nitroso compounds. There are numerous possi- 
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bilities for nitrosation in the protein molecule. Histidine, tryp- 
tophane, and proline, each have one imino nitrogen, while there are 
two such nitrogens in the guanidine group of arginine. A nitroso 
group might enter tyrosine in the position ortho to the hydroxyl 
group in the benzene ring. It is unlikely that a nitrosation of the 
imide nitrogen making up the peptide linkage has taken place al- 
though it has recently been shown (23) that the nitroso derivative 
ot methyl phthalimidine is easily formed by treatment with nitrous 
acid in water solution. Since the carbonyl imide linkage present 
in methyl phthalimidine is the same as that found in peptides a 
possible nitrosation of the peptide linkage is suggested. However, 
this cannot have taken place to any marked extent because deam- 
inized proteins have been shown to contain less nitrogen than 
the original proteins. 

Solubility—Deaminized proteins are reported to be insoluble 
in water and insoluble or only slightly soluble in alkalies. Skraup 
noted the formation of a jelly-like substance when deaminized 
proteins were brought into contact with strong alkali. It was 
found in the present investigation that deaminized casein dis- 
solved in 0.5 per cent sodium hydroxide after standing for 2 days 
with the formation of a red solution and a small amount of un- 
dissolved residuum. With 1.5 per cent sodium hydroxide solution 
a red solution was formed in 24 hours while with concentrated 
alkali an orange to brown jelly was formed in a few minutes. 

Color Reactions.—Deaminized casein prepared according to the 
method described above gave positive tests with Hopkins-Cole, 
Millon’s, and biuret reagents. Millon’s test was unquestionably 
positive although the color was less intense than with casein but 
the biuret reaction with deaminized casein was not characteristic 
ranging from a pink toa reddish purple. Levites (20) is the only 
investigator to report a positive Millon’s reaction with deaminized 
proteins while the biuret reaction was found to be positive by 
Levites (20) and by Treves and Salomone (12). If it be true that 
deaminized proteins give a positive biuret reaction this would in- 
dicate that the grouping which is responsible for the color is not 
attacked or at least is only partially destroyed by the action of 
nitrous acid. 

Composition.—The elementary composition of native proteins 
appears to be but little altered in the deamination process. Skraup 
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(14) found a slight diminution in the phosphorous content of 
deaminized casein and a constant increase, with one exception, 
in the oxygen content of all of the deaminized proteins studied 
but neither observation was considered to be of particular signifi- 
eance. It is striking, however, that the nitrogen content of deam- 
inized proteins is lower than that of the original substance. 
Schiff (10) reported a reduction of 1.0 per cent in the values for 
nitrogen while the figures quoted by Skraup (14) range from 0.51 
to 1.24 per cent lower in nitrogen than those of the original pro- 
teins. In the case of edestin (19) for some unaccountable reason 
thé nitrogen of the deaminized product was found to be higher 
than that of the original protein. 

It will be noted from Table I that the nitrogen content of the 
deaminized casein prepared in this research ranges for the various 
samples from 0.22 to 0.68 per cent lower than the figures obtained 
for the original casein. 


TABLE I, 
Nitrogen 
Sample. calculated on an 
ash-free basis. 

per cent 


Free Amino Nitrogen.—In the present study of deaminized 
casein, free amino nitrogen was determined according tothe method 
outlined by Van Slyke (1) with the use of the micro apparatus. 
To a suspension of 3 gm. of casein in distilled water was added 
a solution containing 0.375 gm. of sodium carbonate. The casein, 
which was usually in complete solution within an hour, was trans- 
ferred to a 100 ec. volumetric flask, diluted to the mark, and 2 cc. 
were taken for amino nitrogen analysis. This solution is neutral 
to litmus and as Van Slyke (1) has shown, an inappreciable 
hydrolysis takes place even after standing at room temperature for 
48 hours. In the deamination of casein a foam inhibitor was found 
to be indispensable. For this purpose caprylic alcohol was found 
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to be more effective than diphenyl ether although the blank re- 
sulting from the former substance was, as has been reported (24), 
considerably higher than that given by diphenyl ether. Even 
without the caprylic alcohol the blank from the sodium nitrite was 
in general slightly higher than that reported by Van Slyke for 
good samples of this substance. Casein was found to precipitate 
from solution immediately upon contact with the acid solution 
in the deaminizing chamber and to gradually change from a pure 
white to a yellow. Because of the fact that casein must undergo 


TABLE II. 
The Free Amino Nitrogen Content of Casein and Deaminized Casein. 


Total nitrogen 
Samples. _ as free 
amino nitrogen. 
per cent 
after Hammarsten.................... 5.99 
- after Van Slyke and Bosworth (7)................ 5.68 
“Van Slyke and Baker (28)............ 5.52 


* Casein samples Nos. 1 to 6 were secured through the kindness of 
Dr. T. B. Osborne of the Connecticut Agricultural Experiment Station, 
New Haven, Connecticut. In every case unusual procedures were used in 
the preparation of these samples. 


deamination in the solid state reliable results are to be obtained 
only by maintaining constant conditions. Uniform results were 
secured by shaking the deaminizing chamber for 30 minutes at 
300 vibrations per minute. 

Van Slyke (1) has reported that the free amino nitrogen of 
casein comprises 5.51 per cent of its total nitrogen content. Since 
there are various methods which are used for the preparation of 
casein from cow’s milk it was considered of importance to deter- 
mine the free amino nitrogen of samples of casein prepared in a 
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TABLE III. 
Tyrosine. 
Time of hydrolysis. 
Casein 1. Deaminized casein A-64. 
hrs, per cent per cent 
12 5.56 3.88 
16 5.98 4.03 
19 5.78 3.57 
voces 5.77 3.82 


variety of ways on the assumption that the reagents employed in 
the purification of this protein might possibly have altered its 
free amino groups. However, the results which were obtained 
(Table II) were not widely divergent and it would seem that the 
reagents employed in the preparation of these samples of casein 
were without appreciable influence upon the number of free amino 
groups of this protein. The average figure for the free amino 
nitrogen content of ten samples of casein was found to be 5.87 per 
cent. 

Casein A-18, which was only slightly yellow in color was pre- 
pared by treatment with nitrous acid but was removed from the 
influence of this reagent as soon as possible after precipitation. 


TABLE IV. 
The Distribution of Nitrogen in Casein and Deaminized Casein.* 

Nitrogen. Casein nitrogen. 

gm per cent gm. 
0.0043 0.48 0.0022 0.26 
0.5253 | 58.78 0.5520 | 66.50 
Non-amino...... 0.0530 5.93 0.0486 5.85 
0.8954 | 100.33 0.8153 | 98.20 
Total nitrogen by Kjeldahl........| 0.8935 | 100.00 0.8300 | 100.00 


* The figures in each case represent the average of duplicate deter- 
minations. 
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The color reactions given by this product were unquestionably 
positive and quite comparable to the reactions given by casein itself. 
As is given in Table II, the free amino nitrogen of this product 
was 3.10 per cent of the total nitrogen while that of completely 
deaminized casein was 0.0. Since the value for casein A-18 lies 
midway between that given by unchanged casein on one hand and 
completely deaminized casein on the other it would seem that at 
the time of precipitation only partial deamination had occurred. 

Total Amino Nitrogen.—The conditions necessary for the com- 
plete hydrolysis of proteins have been determined. Comparable 
results have been secured by heating in an autoclave at 150°C. 
for 1.5 hours with 3.0 n hydrochloric acid (25) and by boiling at 
100°C. for 24 to 48 hours with 20 per cent hydrochloric acid (26). 
With either of these methods the maximum amount of amino 
nitrogen is liberated from peptide linkage but according to Van 
Slyke there is less tendency towards deamination of amino-acids, 
particularly cystine (27), at 100°C. than at 150 or 160°C. 

Complete hydrolysis of 5 gm. samples of casein and deaminized 
casein was effected by autoclaving for 3 hours at 124°C. with 
200 cc. of 3.0 N hydrochloric acid. Henriques and Gjaldbik 
(25) found that under these conditions the results of hydrolysis 
were approximately the same as those obtained by heating for 
1.5 hours at the higher temperature. In both cases some undis- 
solved particles remained after autoclaving and the supernatant 
liquid of the deaminized casein was colored a deeper brown than 
that obtained from casein. Each hydrolysate was evaporated to 
dryness on the water bath, taken up with water, and diluted to 
the mark in a 500 ec. volumetric flask. Amino nitrogen analyses 
were made on 1 cc. portions of the hydrolysates by means of the 
Van Slyke apparatus. 

The total amino nitrogen of casein was found to be 69.1 per cent 
of its total nitrogen content while 68.5 per cent of the total nitrogen 
of deaminized casein was present in the amino form. Since the 
difference observed between these percentages is probably within 
the range of experimental error, it is believed that the total amino 
nitrogen of casein and deaminized casein is the same. 
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The Tyrosine Content of Deaminized Casein. 


Despite the fact that some investigators have obtained a posi- 
tive Millon’s reaction with deaminized proteins the statement 
has been made that ‘Von den Monoaminosiiuren ist zu sagen, 
dass ihr Gehalt quantitativ wahrscheinlich unverindert bleibt, 
mit Ausnahme des Tyrosins, das bei allen Desamidoproteinen 
fehlt’”’ (21). This conclusion is based largely upon the work of 
Skraup who could not obtain crystalline tyrosine from deaminized 
proteins although other monoamino acids were isolated in amounts 
comparable to those present in the original protein. Since de- 
aminized casein was found to give a positive Millon’s test in the 
present study, the presence of tyrosine would seem to be indicated. 
That this assumption was correct was definitely proved by the 
following experiment. 10 gm. samples of casein and deaminized 
casein were hydrolyzed for 12 hours with 200 ec. of 20 per cent 
sulfuric acid and tyrosine isolated in both cases by the usual proce- 
dure. Tyrosine was identified by its crystalline form and by its 
color reactions with Millon’s and Moérner’s reagents. Although 
no effort was made to obtain quantitative yields the amount of 
tyrosine obtained from deaminized casein appeared to be only 
slightly less than that obtained from casein. 

The quantitative determination of tyrosine in casein and de- 
aminized casein was made according to the colorimetric method 
of Folin and Denis (29). Although Abderhalden (30) and Gort- 
ner (31) have shown that the blue color given by the phenol reagent 
is not specific for tyrosine, Johns and Jones (32) have observed 
that the blue color with tryptophane is less intense than that 
given by an equivalent amount of tyrosine while decomposition 
products of tryptophane give no color at all. Therefore these 
authors concluded that reliable results for tyrosine in proteins can 
be obtained with Folin’s colorimetric method. 

According to the results obtained in the present study (Table 
III) the average figure for the tyrosine content of casein, 5.77 
per cent, is 0.73 per cent lower than the value, 6.50 per 
cent, found by Folin. Johns and Jones (32) believe that some 
tyrosine is destroyed if acid hydrolysis is continued longer than 
12 hours, but the data obtained in the present study do not 
support this contention. It is evident, however, that some of 
the tyrosine or the substances reacting with the Folin reagent 
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have been destroyed during the process of deamination since the 
tyrosine content of deaminized casein was found to be only about 
66 per cent of that of casein. Since the deaminized casein prod- 
ucts investigated by Skraup were subjected in their preparation 
to the action of heat up to 40°C. it is possible that tyrosine may 
have been destroyed or altered under these conditions. In this 
connection it is of interest to note that Levites obtained a positive 
Millon’s test with desaminocasein (20, 21) prepared by his earlier 
method in which the protein was not subjected to heat in the pres- 
ence of acetic acid, while no Millon’s reaction was observed with 
desaminocasein (21) in the preparation of which the deamination 
took place in the presence of acetic acid and at 40°. 


The Distribution of Nitrogen in Casein and Deaminized Casein. 


Although in general the Van Slyke (33) procedure for the char- 
acterization of proteins was followed in the present investigation 
of the distribution of nitrogen in casein and deaminized casein, 
certain modifications were incorporated from unpublished results 
of Hamilton, Nevens, and Grindley. In each case, 6 gm. of casein 
and deaminized casein were taken for duplicate analyses and these 
samples were hydrolyzed in the usual manner. It was considered 
to be advantageous to distill off the excess hydrochloric acid in 
vacuo before removing an aliquot portion for the estimation of 
total nitrogen. By the use of a dual system for vacuum distillation 
duplicate determinations were made under exactly the same con- 
ditions of pressure. The apparatus for arginine, as modified by 
Hamilton, Nevens, and Grindley, permits the passage of purified 
air through the system during the entire 6 hours. Air under 
pressure is passed through a purifying train of concentrated sul- 
furic acid and concentrated alkali to remove carbon dioxide and 
ammonia and thence to the bottom of the Kjeldahl flask by means 
of a capillary glass tube inserted in the stopper of the Kjeldahl 
flask. The solution is boiled gently for exactly 5.5 hours and the 
water then drained from the condensers and the boiling continued 
for a half hour longer. It was found that if a bubble of air per 
second is allowed to escape from the Folin bulb that the last 
traces of ammonia are aerated into the standard acid and sub- 
sequent distillation is unnecessary. 
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The figures obtained for the distribution of nitrogen in casein 
and deaminized casein are given in Table IV. The analysis for 
casein agrees rather closely with the figures quoted in the litera- 
ture-and in general the figures obtained for casein and deaminized 
casein agree closely. Skraup (15) has reported a diminution in the 
percentage of arginine and histidine in deaminized casein and the 
entire absence of lysine in the deaminized product. In the pres- 
ent research the figure for arginine nitrogen in deaminized casein, 
7.09 per cent, is only 0.33 per cent lower than the figure in casein, 
7.42 per cent. It is believed that this difference is within experi- 
mental error and does not signify a destruction of this amino-acid 
in the deaminized product. This is what would be expected if 
nitrous acid is without action upon the guanidine group of arginine 
which has been shown to be free in the protein molecule. If on 
the other hand, it is true as has recently been reported by Sekine 
(34) that the guanidine group of arginine is slowly attacked within 
the space of a few hours by nitrous acid at low temperatures some 
destruction of arginine would be expected. Although the value for 
the histidine nitrogen in deaminized casein, 3.89 per cent, is less 
than the figure found for casein, 6.01 per cent, it must be borne 
in mind that by this method histidine is not determined directly. 
Hence, although these results indicate a partial destruction of 
histidine, a final conclusion as to the content of histidine in de- 
aminized casein is not warranted. The figure for lysine nitrogen 
in casein was found to be 9.09 per cent while in the deaminized 
product 0.67 per cent was obtained. Since lysine is determined 
by indirect calculation, the Jatter percentage is probably within 
experimental error and it is considered as probable that no lysine 
is present in deaminized casein. It would seem, therefore, that 
this observation is in harmony with the work of Skraup, who 
could isolate no lysine from the hydrolyzed products of deaminized 
proteins and with the current theory concerning the nature of 
the free amino groups of the protein molecule. The belief that 
the free amino nitrogen of native proteins is due at least in part 
to the epsilon amino group of lysine renders likely the assumption 
that deamination of native proteins cleaves the terminal amino 
group of lysine to form a-amino-e-hydroxy caproic acid, or some 
similar derviative. Since this derivative of lysine would not be 
basic its subsequent reactions would be those common .-to the 
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monoamino-acids; 2.e., it would not be precipitated by phospho- 
tungstic acid but would appear in the monoamino filtrate. The 
marked increase in monoamino nitrogen in the filtrate indicates 
that this or some similar derivative has become associated with 
the. mono-acid fraction. Attempts made by Skraup and others 
to isolate this hydroxy derivative of lysine have failed. Skraup 
(16) claims to have obtained the anhydride of a-amino-é-hydroxy 
valerianic acid which he believes has been formed from the hydroxy 
caproic acid derivative of lysine. These results are similar to 
those obtained by Levites (21) with the older method of analysis. 
He obtained 10.05 and 10.36 per cent of amide nitrogen, 69.00 and 
81.69 per cent of monoamino nitrogen, and 20.03 and 7.20 per cent 
of diamino nitrogen in casein and desaminocasein, respectively. 
The desaminocasein which he analyzed had been heated to 40° 
in the presence of acetic acid. 

In the present investigation it seemed likely from direct de- 
terminations of tyrosine in the original acid hydrolysates (see 
Table III) that some of this amino-acid had been destroyed in 
the process of deamination. To obtain further evidence upon 
this point analyses of tyrosine in the monoamino-acid filtrates of 
casein and deaminized casein were made. In the case of casein, 
5.41 and 5.89 per cent were found while 2.72 and 2.98 per cent 
of tyrosine were found in the monoamino-acid filtrates of deamin- 
ized casein. It is evident, therefore, that a considerable part, 
about 50 per cent of the tyrosine or the substance which gives 
the blue color with the phenol reagent, has been destroyed during 
the process of deamination. 


SUMMARY. 


1. The free amino nitrogen of a number of samples of casein, 
prepared in various ways, has been determined and found to be 
nearly constant. 

2. A modification of the method of Skraup for the deamination 
of casein has been described which yields larger quantities of the 
deaminized product. 

3 Tyrosine was isolated from the hydrolysis products of deam- 
inized casein. Quantitative determinations of tyrosine in casein 
and deaminized casein showed that tyrosine was partially de- 
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stroyed in the process of deamination but not completely so as 
maintained by Skraup. 

4. The distribution of nitrogen in casein and deaminized casein 
has been determined by the Van Slyke partition method. In har- 
mony with the current theory as to the nature of the free amino 
groups of the protein molecule, deaminized casein was found to 
contain no lysine. The monoamino nitrogen of the filtrate of 
deaminized casein was increased, the increase being nearly propor- 
tional to the decrease in lysine nitrogen. No other notable differ- 
ences between casein and deaminized casein were found. 
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A COMPARATIVE STUDY OF THE HYDROLYSIS OF 
CASEIN AND DEAMINIZED CASEIN BY 
PROTEOLYTIC ENZYMES.* 
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(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana. ) 
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The observations reported in the literature in regard to the 
digestibility of deaminized proteins are conflicting. ‘Treves and 
Salomone (1) reported that deaminized proteins are not digested 
by artificial gastric or pancreatic juice while Schiff (2) found 
them to be completely digested by dog’s gastric juice although 
the rate of digestion was much slower than with the original pro- 
teins. Levites (3) found digestion to be complete with dog’s 
gastric juice. 

In a review of the methods used for studying digestion in vitro 
the statement is made by Frankel (4) that “the best index of the 
extent to which a protein has been disintegrated is the ratio of the 
amino nitrogen at a given time to the total amino nitrogen ob- 
tained after complete hydrolysis.”’ Of the various methods by 
which the amino nitrogen of proteins may be estimated Frankel 
chose the Van Slyke procedure as “best suited to the problem in 
hand.”’ After the examination of various methods for the study 
of proteolytic action Sherman and Neun (5) concluded that “the 
quantitative determination of . . . . the amino nitrogen of 
the digestion products . . . . appears to be more delicate as 
a means of detecting proteolysis than either the biuret or the nin- 
hydrin reaction and more delicate, accurate, and generally ap- 
plicable as a means for its measurement than any of the other 
quantitative methods here studied.”’ These authors used the 


* An abstract of a thesis submitted by Max S. Dunn in partial fulfilment 
‘ of the requirements for the Degree of Doctor of Philosophy in the Graduate 
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Van Slyke method for estimating amino nitrogen but assumed that 
results with the S6renson method would run parallel. 

In the proteolytic studies of the present investigation the action 
of pepsin, trypsin, and erepsin alone and in series was studied. 
The samples of pepsin and trypsin used in these experiments were 
commercial preparations known to be active while erepsin was 
prepared from the intestinal mucosa of a dog according to Frankel’s 
(4) modification of the method outlined by Rice (6). The erepsin _ 
preparation was considered to be trypsin-free since it was without 
action upon fibrin. For the determination of the total amino 
nitrogen available on complete hydrolysis, samples of casein and 
deaminized casein were hydrolyzed according to the method of 
Henriques and Gjaldbik (7), but the total amino nitrogen was 
determined by the nitrous acid method of Van Slyke instead of 
by formol titration. From this figure, the free amino nitrogen 
of the intact protein molecule was subtracted and the resulting 
figure was considered to represent the amino nitrogen in peptide 
linkage; 72.e., the maximum amount of amino nitrogen actually 
available for liberation by enzymes. The liberation of amino 
nitrogen during digestion was followed by means of the Van 
Slyke micro apparatus. Frankel ran controls ‘‘with all reagents 
and ferments in the same quantities except that no protein was 
added”’ to correct for the amino nitrogen present in the reagents. 
In the present study control experiments were carried out with 
the same amounts of protein and reagents, but using boiled enzyme 
solutions. By this technique corrections are made not only for 
the amino nitrogen present in the reagents and enzyme added but 
also for the free amino nitrogen content of the proteins and for 
that which may have been liberated by the hydrolytic action of 
the reagents. It is believed, therefore, that the corrected values 
for the free amino nitrogen are an accurate measure of the amino 
groups actually liberated by the digestive action of the enzymes 
employed. 

The results given in Table I and Chart 1 were obtained by the 
simultaneous digestion of 5.0 gm. samples of casein 1 and deamin- 


- ized casein, A-64, the preparations of which were described in the 


preceding paper. These proteins were suspended uniformly in 
250 cc. of 0.2 per cent hydrochloric acid and 20 cc. of an aqueous © 
solution, containing 0.2. gm. of pepsin, added. Controls contain- 
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TABLE I. 
The Peptic, Tryptic, and Ereptic Digestion of Casein 1 and Deaminized 
Casein A-64. 


Total available amino nitrogen liberated. 
Enzyme. Hours. 

Casein 1. Casein A-64. 
per cent per cent 
Pepsin 0.0 0.0 0.0 

Trypsin added at the end of 110.5 hours. 

rrypsin 122.5 53.2 25.8 
242.5 78.7 33.5 


Erepsin added at the end of 242.5 hours. 


284.0 2.1 65.4 
332.0 95.7 65.4 
§ THE LIBERATION OF AMINO NITROGEN 
BY ENZYME 
Casein 
= 
< 
< Deaminized 
60 €asen—— 
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ing the protein, all reagents, and boiled enzyme solutions were 
run. After thoroughly mixing the contents of each flask 5 ce. of 
toluene were added as a preservative and incubation at 38°C. 
was begun. At the end of 3 hours incubation the casein sample 
in which the active enzyme was present had gone entirely into 
solution, but the deaminized casein and the controls had settled 
out. The supernatant liquid of the deaminized casein sample was 
colored yellow indicating that a partial digestion had taken place 
since the supernatant liquid of the controls was colorless. At 
the expiration of the 3 hour period uniform samples from each 
flask were taken for analysis of amino nitrogen in the Van Slyke 
micro apparatus. To 5 cc. portions from each flask was added 
0.5 ec. of N sodium hydroxide solution to stop digestion. The 
resulting solution was diluted to 10 cc. on a volumetric flask and 
2 ec. were taken for analysis. At indicated intervals in the di- 
gestion subsequent amino nitrogen determinations were made. 
At the end of 110 hours digestion 200 cc. aliquots from each peptic 
digest were taken, 20 cc. of 15 per cent sodium carbonate solution 
and 0.4 gm. of trypsin added, and incubation at 38°C. was begun. 
Boiled trypsin solution was added to the controls. After several 
hours the deaminized casein sample went into solution giving 
a brown but transparent liquid but there appeared to be no change 
in the controls. At the end of 132 hours digestion with trypsin, 
150 ce. aliquot portions were removed from each flask, 20 cc. of 
erepsin solution added, and incubation was continued for 89.5 
hours. Boiled solutions of the enzyme were added to the controls. 
For the determination of amino nitrogen in the tryptic and erep- 
tic solutions 5 cc. aliquot portions were used. After arresting 
digestion by the addition of 0.5 cc. of glacial acetic acid these 
samples were diluted to 10 cc. in a volumetric flask and 2 cc. used 
for the analysis of amino nitrogen. 

Similar experiments were carried out with trypsin (Table II) 
and with erepsin (Table III) to determine whether these enzymes 
could attack deaminized casein without the preliminary action of 
pepsin. 2 gm. samples of casein 1 and deaminized casein A-64 were 
dissolved in 120 cc. of 0.5 per cent sodium carbonate solution. 
Casein 1 gave a solution of medium opalescence while casein A-64 
formed a deep red solution in which gelatinous particles were 
suspended. 20 cc. of a solution containing 0.2 gm. of trypsin 
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dissolved in a 0.5 per cent solution of sodium carbonate or 20 cc. 
of the erepsin preparation were added to each flask. 10 cc. of 
an alcoholic solution of thymol were added in each case as a 
preservative. After incubation at 38°C. for 22.5 hours a 5 ce. 
sample from each flask was taken, 0.5 cc. of glacial acetic acid 
added to arrest digestion, and the resulting mixture diluted to 10 ce. 
in a volumetric flask. A clear but brown liquid in the case of 
casein A-64 indicated that some digestion had taken place in 
each instance. The appearance of the proteins in the control 
flasks was not altered. 

The results obtained from the enzymatic hydrolyses of casein 
(Table I) agreed closely with the observations of Frankel (4). 
Pepsin liberated 11 per cent of the total available amino nitrogen 
of casein in 87 hours; trypsin superimposed upon the pepsin digest 
set free 79 per cent in 60 hours; and by the further action of 
erepsin for 66 hours 95 per cent was liberated. These values are 
maximum for these enzymes since the amino nitrogen was found 
to remain approximately constant over a period of 25 or more 
hours of additional digestion. The digestion of deaminized casein 
proceeded in every case at a slower rate than that of casein and 
' the total cleavage was considerably less. Only 3 per cent of the 
total available amino nitrogen of deaminized casein was liberated 
after 110 hours of peptic digestion in contrast to 11 per cent with 
casein. Tryptic digestion for 132 additional hours set free only 
33 per cent of the total available amino nitrogen as compared with 
79 per cent for casein while the further action of erepsin liberated 
only 65 per cent as contrasted with 95 per cent for casein. 

It is possible that difference in digestive action between casein 
and deaminized casein may be due to decreased solubility of the 
latter and its subsequent less intimate contact with the enzymes. 
There is also the possibility that reactions incidental to the proc- 
ess of deamination may have taken place to alter the peptide 
linkage in such a way that its cleavage by enzymes became more 
difficult. 

It is evident from the results reported in Table II that trypsin 
will digest deaminized casein without the preliminary action of 
pepsin. However, the rate of digestion by trypsin alone is slower 
than that by trypsin after the preliminary action of pepsin, and 
the percentage of hydrolysis is less. The digestion of deaminized 
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TABLE II. 


The Tryptic Digestion of Casein 1 and Deaminized Casein A-G64. 


Total available amino nitrogen liberated. 
Hours. 
Casein 1 Casein A-64. 
per cent per cent 
0.0 0.0 0.0 
22.5 41.3 25.3 
45.0 50.4 27.9 
68.5 52.7 27.8 
92.5 52.4 28.7 
TABLE III. 
The Ereptic Digestion of Casein 1 and Deaminized Casein A-64. 
Total available amino nitrogen liberated. 
Hours 
Casein 1 Casein A-64. 
per cent per cent 
0.0 0.0 0.0 
21.5 8.0 0.0 
45.5 8.0 0.0 
93.5 11.6 0.0 
TABLE IV. 
Date. Weight. Total nitrogen. Urea and ammonia nitrogen. 
1921 kg. gm gm. per cent. 
Jan. 7 
8 
ce 9 
10 9.90 
= ae 9.90 1.355 0.841 62 
- 9.88 1.342 0.910 67 
~ ae 9.88 1.251 0.757 60 
“ 14 9.86 1.427 | 0.872 61 
9.82 1.955 | 1.622 77 
"5 9.75 1.363 | 0.946 69 
9.75 1.246 0.960 77 
- 9.75 1.299 0.968 74 
9.73 


* 10 gm. of deaminized cascin A-64 were fed in addition to the standard 
dict. 
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‘ casein by trypsin is less extensive and proceeds at a slower rate 
than that of casein. 

Since it is known that casein is attacked by erepsin without 
the preliminary action of other enzymes it was of interest to test 
the action of this enzyme towards deaminized casein. It was 
found (see Table III) that 11 per cent of the total available amino 
nitrogen of casein was liberated after 93 hours of ereptic digestion 
but no amino nitrogen was liberated from deaminized casein. 
It would appear, therefore, that erepsin does not attack deaminized 
casein easily. 

Since in the present investigation digestion experiments in 
vitro indicated that deaminized casein was digested, although at 
a slower rate than casein, it was desirable to study the behavior 
of deaminized casein in the animal organism. A female dog, 
weighing about 10 kilos, was maintained upon a uniform diet for 
10 days to permit a constant level of nitrogen excretion to be 
reached. At the expiration of the period 10 gm. of deaminized 
casein A-64 were added to the standard diet and the elimination of 
extra nitrogen in the urine determined. 

The standard diet consisting of 400 ec. of water, 10 gm. of bone 
ash, 25 gm. of starch, 25 gm. of lard, 35 gm. of sucrose, and 50 gm. 
of beef heart was considered to be calorifically adequate for 
a dog of the size used. The urine was collected daily by cathe- 
terization. As shown in Table IV about 43 per cent of the added 
nitrogen was eliminated in the urine. Since there was a corre- 
sponding or slightly greater increase in urea nitrogen elimination 
the assumption that utilization of-the deaminized casein in the 
animal organism has occurred seems well founded. 

Further experiments were planned to include a study of the 
relative efficiency of casein and deaminized casein in the main- 
tenance of nitrogenous equilibrium in the dog, but it was found 
that repeated administration of deaminized casein resulted in 
vomiting and loss of appetite. For this reason the experiments 
along this line were not carried further. 


SUMMARY. 


Casein and deaminized casein were digested in vitro by pepsin 
and trypsin. Erepsin digested casein readily but attacked 
deaminized casein only after the preliminary action of pepsin or 
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trypsin. In every case the digestion of deaminized casein pro- 
ceeded at a slower rate than the digestion of casein. In one 
experiment after the feeding of deaminized casein to a dog the 
increased elimination of total and urea nitrogen indicated that 
the deaminized product was digested and metabolized in the 
animal body. 
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NOTE ON THE DETERMINATION OF 6-HYDROXY- 
BUTYRIC ACID.* 


By ROGER S. HUBBARD. 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, Saint Louis.) 


(Received for publication, October 4, 1921.) 


In studying the determination of 6-hydroxybutyric acid three 
methods have been most used. These are: first, the isolation of 
the acid, with its subsequent determination by the polariscope; 
second, the dehydration of the acid to give a-crotonic acid; and 
third, the oxidation of the acid to give acetone. 

In Hurtley’s (1915-16) paper, in which the discovery and 
subsequent investigation of the properties of this acid are dis- 
cussed exhaustively, it is shown that all of these methods are 
closely connected with the first studies made by Kulz (1884), 
Stadelmann (1883), and Minkowski (1884) into the-properties of 
the organic acid isolated by them from urines which contained 
an excess of base greater than that theoretically needed to neu- 
tralize the inorganic acids found. 

Kulz (1884) first fermented diabetic urine and determined the 
rotation, thus measuring the amount of the acid present. Wolpe 
(1886) modified this method. He extracted the acidified urine 
with ether, took up the extracted acid with water, and deter- 
mined the acid in the extract by the polariscope. Magnus-Levy 
(1901), Bergell (1901), Geelmuyden, and Black (1908-09) im- 
proved this extraction method further. Ohlsson (1916) has 
recommended ethyl! acetate instead of ether for the extraction. 

The second method was suggested by Darmstaedter (1903). 
He converted 6-hydroxybutyric acid into a-crotonic acid by the 
action of concentrated sulfuric acid, and determined the unsatu- 


* This paper formed a part of a thesis presented in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy at Washington 
University, Saint Louis, in June, 1921. 
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rated acid by titration after distillation—a reaction noted by 
Kulz (1884) and Stadelmann (1883). This method has been 
modified by Pribram (1911-12) and others, but has not been found 
to be very satisfactory (Shaffer, 1908-09; Shindo, 1907). 

The third method for the determination of 6-hydroxybutyric acid 
was proposed by Shaffer (1908-09) based on a reaction mentioned 
by Minkowski (1884). $-Hydroxybutyric acid when oxidized 
with sulfuric acid and potassium dichromate forms acetone and 
carbon dioxide, probably giving acetoacetic acid as an inter- 
mediary product. In his first paper, Shaffer (1908-09) stated 
that this oxidation was quantitative. Embden and Schmitz 
(1910) in Abderhalden’s Handbuch stated their belief that the 
results by this method were low. In 1913, Shaffer and Marriott 
(1913-14) studied the reaction, using pure 6-hydroxybutyric acid 
prepared from calcium zine 8-hydroxybutyrate. They found 
that their recovery was from 5 to 10 per cent low. The method 
described is a slow one, as 3 to 4 hours are required for maximum 
oxidation with the amounts of sulfuric acid and potassium dichro- 
mate recommended. Marriott (1914), Folin and Denis (1914), 
and Kennaway (1914) have used this oxidation of B-hydroxy- 
butyric acid in connection with different methods for the 
determination of acetone. Lately Van Slyke (1917) has studied 
the reaction carefully and investigated the causes that lead to 
incomplete oxidation. At the time the experiments reported 
below were performed, only the preliminary report of this last 
paper was available. 

For determining 6-hydroxybutyric acid in urine the method of 
oxidizing with acid and potassium dichromate was chosen as most 
suitable. Two main problems presented themselves for solution 
in using this method. Was it possible to find some way in which 
the determination could be made exact? That is to say, could 
conditions of the determination be found that would lead to a 
recovery of the theoretical amount of acetone from a given 
amount of 6-hydroxybutyric acid? Could the time of oxidation 
be shortened? Many different oxidizing mixtures with widely 
varying amounts of sulfuric acid and potassium dichromate were 
tried, and large and small amounts of 6-hydroxybutyric acid 
were used in the determinations, but a recovery of the theoretical 
amount of acetone was not accomplished. In attempting to 
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solve the second problem, an investigation of conditions govern- 
ing the oxidation of 6-hydroxybutyric acid by acid dichromate 
solutions was undertaken, and it was found that the rate and 
cgmpleteness of oxidation depend on the relative concentrations 
of acid and dichromate. Van Slyke (1917) has published a 
series of experiments establishing this fact, and the results found 
do not differ from those described by him. 

Shaffer and Marriott (1913-14) give the following description 
of the method (p. 271): “the contents of the distilling flask 
containing the oxybutyric acid was diluted to about 600 cc., 30 
ec. of sulphuric acid (sp. gr. 1.59) added, and a total of about 0.5 
gram of KeCreO7 in very dilute solution dropped in during the 
distillation which was continued about three and one-half hours.” 

Using this method as a basis, two methods were worked out 
for the determination of 8-hydroxybutyric acid in a shorter period 
of time. The first, as applied to large amounts of the acid, has 
been described in Folin’s Manual (Folin, 1916), and by Shaffer 
and Hubbard (1916). In this method B-hydroxybutyric acid was 
oxidized in the presence of 9 to 10 N sulfuric acid, and the amount 
of potassium dichromate was adjusted so that the reaction was 
complete in 15 minutes. ; 

Continued use of this method showed that there were two 
objections to it; first, the acid was so strong that the tin tubes 
of the ordinary Kjeldahl still were quickly corroded; and second, 
when the technique was extended to very small amounts of 
acetone it was necessary to use a correspondingly decreased 
amount of potassium dichromate. 

In working with conditions in which less sulfuric acid was 
used, a great many different procedures were tried out to find 
which one would give the maximum recovery in a short time. 
It was found impossible to get complete oxidation in 15 minutes, 
and the time was lengthened to half an hour, and potassium 
dichromate was added at intervals instead of by drops. If all 
the reagent was added at once, yields were lower. 

After many trials of different amounts of acid and potassium 
dichromate, and of different methods of adding the dichromate, 
the following was selected: to the 6-hydroxybutyric acid con- 
tained in 100 cc. of solution, heated to boiling in a Kjeldahl flask 
attached to a water-cooled condenser, 30 cc. of sulfuric acid 
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(concentrated sulfuric acid diluted with an equal volume of water) 
and 20 ce. of a potassium dichromate solution, 0.1 to 0.2 per cent, 
were added through a dropping funnel. The burners were regu- 
lated so that about 50 cc. distilled in 10 minutes. After 10 minutes 
50 cc. of 0.1 to 0.2 per cent potassium dichromate were added 
and the distillation was continued; 10 minutes later 50 cc. more 
of 0.1 to 0.2 per cent potassium dichromate were added and distil- 
lation was continued another 10 minutes. The boiling was not 
interrupted while the additions were made. The total distillate 


TABLE I. 
Determination of Pure Solutions of B-Hydroxybutyric Acid. 
Oxidized for } hour as described (results are expressed in terms of acetone). 


Present. Found. | Percentage. 
mg mg per cent 
0.1202 0.1036 86 
0.1202 0.1050 88 
0.698 0.609 87 
0.698 0.605 87 
0.698 0.610 87 
1.396 1.215 87 
1.396 1.215 87 
2.792 2.405 86 
2.792 2.395 86 
6.01 5.05 84 
6.98 5.90 84.5 
12.02 10.25 85 
24.04 20.90 87 
39.53* 38.2 86 


* Carried out by oxidizing for 2} hours. 


was collected in a second Kjeldahl flask, and redistilled from 
sodium peroxide for 10 minutes into an Erlenmeyer flask. In 
both distillations a little water was present in the receiving flask, 
and the delivery tube dipped below the surface. Acetone was 
determined in the contents of the Erlenmeyer flask by the method 
described in an earlier paper (Hubbard, 1920). There was a 
blank amounting to 0.01 mg. of acetone. 3 
Table I shows the results obtained by the method described. 
In these experiments pure solutions of calcium zine 6-hydroxy- 
butyrate were weighed out, and aliquots were used for each 
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determination. The ‘‘amount present” is expressed as milli- 
grams of acetone as calculated from the amount of this salt 
present, and the “amount found”’ represents the results of the 
titration corrected for the blank on the reagents. The recovery 
ranged from 84 to 88 per cent, and is approximately the same 
given by other methods in which sulfuric acid and potassium 
dichromate are used. The average of the figures is 86 per cent. 
Table I shows that the method as described is applicable for 
amounts of 6-hydroxybutyric acid varying from 0.1 to 25 mg. — 


SUMMARY. 


A method is described for the determination of 6-hydroxy- 
butyric acid when that compound is present in widely varying 
amounts. The oxidation requires only half an hour, and the 
final determination is by iodometric titration. 


BIBLIOGRAPHY. 


Bergell, P., Z. physiol. Chem., 1901, xxxiii, 310. 

Black, O. F., J. Biol. Chem., 1908-09, v, 207. 

Darmstaedter, E., Z. physiol. Chem., 1903, xxxvii, 355. 

Embden, F., and Schmitz, E., in Abderhalden, E., Handbuch der bio- 
chemischen Arbeitsmethoden, Berlin, 1910, iii, 934. 

Folin, O., Laboratory manual of biological chemistry, New York and 
London, 1916. 

Folin, O., and Denis, W., J. Biol. Chem., 1914, xviii, 263. 

Geelmuyden, H. C., Lahf. Forth. Ips., Hammarsten Memorial Number, 11. 

Hubbard, R. S., J. Biol. Chem., 1920, xliii, 43. 

Hurtley, W. H., Quart. J. Med., 1915-16, ix, 301. 

Kennaway, E. L., Biochem. J., 1914, viii, 230. 

Kulz, E., Arch. Biol., 1884, xx, 165. 

Marriott, W. Mck., J. Biol. Chem., 1913-14, xvi, 281. 

Magnus-Levy, A., Arch. exp. Path. u. Pharmacol., 1901, xlv, 389. 

Minkowski, O., Arch. exp. Path. u. Pharmacol., 1884, xviii, 35. 

Ohlsson, E., Biochem. Z., 1916, Ixxvii, 232. 

Pribram, B. O., Z. exp. Path. u. Therap., 1911-12, x, 279. 

Shaffer, P. A., J. Biol. Chem., 1908-09, v, 214. 

Shaffer, P. A., and Hubbard, R. S., J. Biol. Chem., 1916, xxiv, p. xxvii. 

Shaffer, P. A., and Marriott, W. McK., J. Biol. Chem., 1913-14, xvi, 265. 

Shindo, S., Inaugural dissertation, Munich, 1907. 

Stadelmann, E., Arch. exp. Path. u. Pharmacol., 1883, xvii, 419. 

Van Slyke, D. D., J. Biol. Chem., 1917, xxxii, 455. 

Wolpe, H., Arch. exp. Path. u. Pharmacol., 1886, xxi, 138. 


. 

a 

; 

| 


4 
q 
4 
fg 
4 
a 
43 4 
4 
| 
i] 


DETERMINATION OF THE ACETONE BODIES IN 
URINE.* 


By ROGER 8S. HUBBARD. 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, Saint Louis, and the Laboratories of The Clifton 
Springs Sanitarium, Clifton Springs, New York.) 


(Received for publication, October 4, 1921.) 


The determination of the acetone bodies in urine has been the 
subject of much investigation. Most of the methods for the 
determination of acetone described previously (Hubbard, 1920) 
and for the determination of 6-hydroxybutyric acid described in 
the preceding note (Hubbard, 1921) have been used to determine 
the acetone bodies in urine, and, in many instances, were pri- 
marily developed for that purpose. Besides the references given 
in these two papers, other articles may be found in the bibliog- 
raphies in papers by Shaffer (1908-09), Shaffer and Marriott 
(1913-14), Hurtley (1915-16), Van Slyke (1917), and Engfeldt 
(1920). 

The present article contains the description of a method 
which has been found convenient for the determination of acetone 
from preformed acetone plus acetoacetic acid and from 6-hydroxy- 
butyric acid on the same sample of urine, even when they are 
present in very small amounts. 


Preliminary Treatment. 


In analyzing urine for the acetone bodies, particularly for 
B-hydroxybutyric acid, by any method, there are various inter- 
fering substances which must be removed. Shaffer (1908-09) 
removed these in two ways: first, by a preliminary precipitation; 
and second, by redistillation to remove compounds other than 


* The work reported in this paper formed a part of a thesis presented 
in partial fulfillment of the requirements for the degree of Doctor of Philoso- 
phy at Washington University, Saint Louis, in June, 1921. 
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acetone which react with alkaline iodine solutions. As a pre- 
liminary treatment before analysis he precipitated sugar and other 
interfering substances from urine with basic lead acetate and an 
excess of ammonium hydroxide. When this method was tried 
it was found that the filtrate often contained lead which was pre- 
cipitated by subsequent treatment with sulfuric acid. Following 
a suggestion of Plimmer and Skelton (1914), sodium hydroxide 
was substituted for ammonium hydroxide, and it was found that 
glucose could be removed in concentrations up to about 5 per 
cent, and that lead could be completely precipitated at the same 
time, if the quantity of alkali was adjusted so that it was approxi- 
mately equivalent to the lead present. During the study reported 
here a paper by Van Slyke (1917) appeared in which the use of 
copper sulfate followed by calcium hydroxide was recommended 
as a preliminary treatment before analysis. This treatment 
removed not only sugar, but other interfering compounds as well 
and was found necessary even when normal urines were analyzed 
by the technique described by him. An older method for remov- 
ing sugar from urine was described by Salkowski (1879), in which. 
copper sulfate and sodium hydroxide were used. 

The following method was found to give almost complete removal 
of glucose and other easily oxidized compounds. 10 ec. of urine 
were measured into a 250 cc. graduate shaking cylinder, and 
diluted to 100 or 150 ce. 10 cc. of Goulard’s extract! and 10 ce. 
of 20 per cent copper sulfate were added, followed by sodium 
hydroxide in not too great excess. (Usually 10 cc. of 2. concen- 
tration were found to be the correct amount for the purpose.) 
This solution was diluted to 250 ce. and filtered after standing 
about half an hour. This combination of the lead and copper 
precipitation methods appeared, in some cases at least, to remove 
interfering (easily oxidizable) compounds more completely than 
did either procedure when used alone. 

There is a relationship between the amount of glucose present 
in urine, and the amount of sodium hydroxide necessary to insure 
its removal by this technique. If 10 cc. of the Goulard’s extract 
and 10 cc. of 20 per cent copper sulfate solution are added to 10 
ec. of normal urine diluted with 100 cc. of distilled water, 5 cc. 
of twice normal sodium hydroxide will not precipitate all the lead 


1 Pb,O(CH; *COO),., 290 gm. to 1,000 gm. of solution, prepared accord- 
ing to U. S. P., 1916, ix, 249. 
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from the solution. Under the same conditions, 15 ce. will dis- 
solve a part of the lead, while if 7 or 12 cc. are used no lead will 
be found after filtering. If 10 per cent of glucose is present in 
the urine, 15 cc. of 2 N sodium hydroxide will not cause the appear- 
ance of lead in the filtrate. 10 cc. of the alkali described above 


TABLE IT. 
Precipitation of Urine. 


Found after precipitation. 
Glucose. NaOH 
Glucose. Lead. Copper. 
per cent ee, 
0.0 5 Trace 0 
0.0 7 0 0 
0.0 12 0 0 
0.0 15 Trace 0 
0.0 20 + 0 
1.5 12 0 0 0 
1.5 15 0 Trace. 0 
2.5 7 Very faint trace. 0 0 
5 7 Trace. 0 0 
5 10 0 0 0 
7.8 10 Trace. 0 0 
10 10 0 
10 12 Faint trace. 0 0 
10 15 0 0 0 
15 15 Faint trace. 0 0 
20 12 + 0 0 
20 15 Trace. Trace. Trace. 
20 20 + + 


Glucose was added to normal urine to give the percentage listed. 10 cc. 
of each were measured into 250 cc. shaking cylinders and diluted to about 
100 ce. 10 cc. of Goulard’s reagent and 10 cc. of 20 per cent copper sulfate 
followed by different amounts of 2N sodium hydroxide were added, and the 
solution was diluted to the mark and filtered at once. The filtrate was 
tested for glucose with Benedict’s solution, for lead with an excess of 
sulfuric acid, and for copper with ammonia. 


will remove glueose up to a concentration of about 5 per cent. 
while larger amounts—15 cc. of 2 N—must be used if the concen- 
tration is 10 per cent. Higher concentrations than this were not 
removed by the treatment, and urines containing more than 10 
per cent of glucose must be correspondingly diluted before 
treatment. The facts discussed above are shown in Table I. 
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For purifying acetone distilled from acetone bodies present 
in urine Shaffer (1908-09) used different methods for the different 
fractions which he determined. He added sodium hydroxide to 
the distillate containing acetone from acetoacetic acid, and redis- 
tilled before titrating to remove volatile acids. To the fraction 
corresponding to 6-hydroxybutyric acid he added hydrogen perox- 
ide as well as alkali before redistilling to oxidize acetaldehyde 
and related compounds to the corresponding acids. Folin and 
Denis (1914) used sodium peroxide instead of hydrogen peroxide 
for this purpose. These methods are satisfactory for urines in 
which the acetone bodies are increased to any considerable extent, 
but for normal urines further treatment for the removal of inter- _ 
fering compounds was found to be necessary if the final deter- 
mination was to be carried out with dilute alkaline iodine solutions. 
This further purification was accomplished by redistilling first 
from a solution of acid plus potassium permanganate, and then 
by distilling again from sodium peroxide. 

The following directions describe the method used for the 
analysis of the filtrate from the copper and lead precipitation for 
acetone plus acetoacetic acid and for 8-hydroxybutyrie acid. 


Determination of Acetone Plus Acetoacetic Acid. 


Measure 150 cc. of the filtrate from urine precipitated as de- 
scribed into a 300 cc. Kjeldahl flask, add 10 ec. of sulfuric acid 
(1 part concentrated acid diluted with 1 part water), insert 
a two-holed rubber stopper, with a dropping funnel in one hole and 
a bent distilling tube in the other, connect with a condenser, and 
distil at such a rate that about 50 cc. of distillate come over in 
10 minutes. Collect the distillate in a 500 cc. flask containing a 
little water with the end of the delivery tube below the surface, 
as it should be in all cases in which acetone solutions are distilled, 
and make the distillate up to a volume of about 150 cc. Add to 
the contents of this receiving flask 5 ec. of strong sulfuric acid 
(1 part concentrated acid plus 1 part water), 0.2 gm. of potas- 
sium permanganate, and distil, collecting the distillate in a second 
500 ec. flask; continue distillation 10 minutes or more, obtaining 
a final volume of about 100 ec. and taking care that none of the 
permanganate solution boils over. Add to the contents of the 
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second distilling flask about 0.5 gm. of sodium peroxide, and 
distil 10 minutes into an Erlenmeyer flask containing a little 
water, collecting 50 to 100 ce. If care is not taken at the start, 
the solution will foam over. Cork stoppers should be used for 
* this distillation. This technique insures maximum oxidation of 
interfering compounds and does not oxidize acetone (Hubbard, 
1920). When more than mere traces of acetone are present, that 
is, when the urine gives a distinctly positive test with ferric chloride 
or with sodium nitroprusside and alkali, the purification by the 
successive redistillations is unnecessary; for these urines the single 
redistillation from alkali as recommended by Shaffer (1908-09) is 
most satisfactory (see Table II). This technique is to be pre- 
ferred under these conditions, not only because it consumes less 
time and takes less apparatus, but also because it reduces chances 
of loss through the vaporization of acetone. 

Determine acetone in the final distillate as follows (Hubbard, 
1920): add 10 to 25 ee. of a solution of iodine in potassium iodide 
of such a strength that 1 cc. is equivalent to 1, 0.1, or 0.2 mg. 
of acetone (the concentration of the iodine to be used is indicated 
by preliminary qualitative tests on the urine); add 2 ce. of a con- 
centrated solution of alkali (200 gm. of electrolytic sodium hydrox- 
ide dissolved in 300 ce. of distilled water), mix thoroughly, and 
allow to stand for 10 minutes or more; acidify with sulfuric acid, 
and titrate after about 5 minutes with sodium thiosulfate of a 
concentration equivalent to that of the iodine used; add a small 
amount of starch before the end-point is reached to serve as 
indicator. Control titrations of the thiosulfate against iodine 
treated successively with alkali and acid should be run daily, 
as the alkali uses up some of the iodine, and the strength of the 
latter reagent varies somewhat from day to day. 

The difference between this control titration and the titration 
found after distillation measures the acetone present in the sample 
taken, equivalent to 6 cc. of urine. In cases where there is very 
little acetone present it is sometimes necessary to correct for a 
blank given by the reagents after distillation. The question of 


this correction is discussed later. 
The stock iodine solution is prepared by weighing out 13.13 gm. of 


iodine, dissolving with the help of 25 gm. of potassium iodide, and diluting 
tolliter. Dilute solutions are prepared from this by diluting with 2.5 per 


| 
| 

4 
| 


362 Acetone Bodies in Urine 


cent potassium iodide to the desired iodine concentration. These dilute 
solutions change their strength slowly. 

The stock thiosulfate solution of an equivalent strength is made by dis- 
solving 25.65 gm. of the pure salt in distilled water. This is standardized 
after 24 hours against an equivalent solution of potassium biiodate con- 
taining 3.362 gm. per liter, and protected from the action of carbon dioxide’ 
with soda lime; so protected, the solution will keep its strength unchanged 
formonths. The dilute solutions are not as stable, and are prepared from 


this stock solution daily. 

In Table II are given the values obtained for acetone from 
acetone plus acetoacetic acid as found after distilling a sample 
of normal urine, and of the filtrate from the copper and lead treat- 
ment of the same urine, from various oxidizing reagents. The 

TABLE II. 


Effect of Successive Distillation from Different Reagents on Urine Acetone. 


Straight Precipitated 
Distilled successively from reagents given. 
6ec. (100 cc.) 6ee. [100 ce. 
mg ma. my. mg. 
0.17 2.8 |0.16 2.7 
H.SO,; H:SO, + KMnQ,....................-. 0.14 !23/0.11 
H.SO,; H.SO, KMn0O,; Naz2O> 0.05 0.8 |0.03 0.5 
H.S0O,; H.SO, + KMnQ,; ew 0.0462*| 0.8*|0.0496*| 0.8* 


* Carried out on a different sample of urine and titrated with a weaker 
solution of thiosulfate. All results are expressed in terms of acetone. 


repeated distillation is shown to be necessary when the amount 
of acetone is very small, but not necessary when it is increased 
as, in the latter case, the very small difference lies within the 
limits of experimental error. The table also shows agreement 
between figures on untreated urine and on filtrates from the pre- 
cipitation with copper and lead when the distillate is purified by 
successive redistillations. 


Determination of B-Hydroxybutyric Acid. 


To determine the 8-hydroxybutyric acid in the urine, treat the 
contents of the first distilling flask (urine filtrate plus sulfuric acid) 
by the technique described in the preceding note (Hubbard, 1921). 
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To the boiling solution add, through the dropping funnel, 20 cc. 
of the strong sulfuric acid (1 part concentrated acid plus 1 
part water), 30 cc. of 0.1 to 0.2 per cent potassium dichromate, 
and continue the determination as described for solutions of pure 
B-hydroxybutyric acid. Redistil the acetone obtained as in the 
case of the first fraction from sulfuric acid plus potassium perman- 
ganate and from sodium peroxide, and carry out the determination 
on the final distillate in the manner described for the fraction 
from preformed acetone plus acetoacetic acid. This determina- 


TABLE III. 


Duplicates on Urines. 


Acetone + acetoacetic 8-Hydroxybutyric 
Redistillations. | acid. 
Sample. | Per 100cc.| Sample. | Per 100 ce. 
mq. mg. | mg. mg. 
From NasOs*.........200- 1 | 0.067 0.7 . 0.180 1.8 
1 0.080 | 08 | 0.290] 2.9 
1 0077 | 08 0.200 | 2.0 
1 0.035 0.35 0.183 1.8 
1 0.045 0.45 | 
From H,SO, + KMn0O,ft | 
and from NazQz...... 2 0.078 1.3 | 0.130 33 
2 0.084 1.4 2.2 
2 | 0072 | 12 | 0.110] 1.8 
2 0.09%t| 1.6t 0.110f| 
2 0.078f 1.3f | 


* Samples of 10 cc. each used for these determinations. 
+ Samples of 6 cc. each used for these determinations. 
t Glucose added to the urine to give a concentration of 5 per cent. 


tion gives the acetone formed from the oxidation of the 6-hydroxy- 
butyric acid present. A correction of 15 per cent must be added 
to the result to make up for the incomplete recovery of acetone. 
If much acetone is present the redistillation from sulfuric acid 
plus potassium permanganate may be omitted. 

Table III shows the agreement between duplicates obtained by 
this technique on both fractions of acetone from normal urine, 
as contrasted with the agreement when the redistillation from 
acid plus potassium permanganate was omitted. 
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Recovery of Substances Added to Urine. 


Table IV shows the recovery of acetone, acetoacetic acid, and 
6-hydroxybutyric acid by this method. The acetone used was puri- 
fied by repeated redistillation until the boiling point was constant. 
The acetoacetic acid was prepared by hydrolyzing acetoacetic 
ethyl ester with sodium hydroxide, aerating to remove acetone, 
and acidifying. The product was then analyzed by distilling 
from sulfurie acid, and redistilling from sulfuric acid plus potas- 
sium permanganate and from sodium peroxide to remove alcohol, 
and titrating the acetone formed by the usual Messinger method. 
The B-hydroxybutyrie acid was prepared from calcium zinc 
6-hydroxybutyrate which was shown, by its optical activity, to be 
99 per cent pure. A solution of this salt was acidified, set in plaster, 
and extracted with ether for about 10 hours. The ether was 
distilled off, and the B-hydroxybutyric acid taken up with water. 
The solution was boiled with a little bone-black, filtered, made 
up to 100 ec. with distilled water, and read in a_ polariscope. 
The reading in a 2.2 dm. tube was 0.865. This corresponds to a 
concentration of 1.630 gm. in 100 ce. (two determinations). 


0.865 
2.2 X 24.12 


= 1.630 


Two dilute solutions were prepared from this by diluting 1 to 10. 
A 5 cc. portion of each was analyzed by the technique described in 
the preceding note (Hubbard, 1921), and it was found that the 
acetone recovered was 85 percent of the theoretical amount, the 
usual percentage recovered by this oxidation. The recovery of 
these substances when added to normal urine was satisfactory 
(Table IV). 


Blanks on Reagents. 


In all determinations in which distillation precedes the final 
analysis with dilute iodine solutions there is a blank. Its value 
is small when measured in terms of milligrams of acetone, but 
may amount to a high percentage of the total determinations 
when very small quantities of acetone are present. A large num- 
ber of experiments were carried out to determine the source of 
this blank, and to find out conditions which should reduce it to 
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aminimum. Many of the precautions which were used to obtain 
very low blanks have been since found described by Widmark 
(1919) in his paper on the determination of acetone in blood. 


TABLE IV. 
Recovery of Substances Added to Urine. 
Concentra- Taken. 
tion Found. Calculated | Added per Per cent 
d 
Filtrate. | Urine. 
Acetone. 
ma. cc, ce mg. mg. ma 

2.6 150 6 0.088 0.146 0.144 101 

5.8 150 6 0.178 0.296 0.289 102 

14.8 150 6 0.424 0.707 0.739 96 

30.4 150 6 1.00 1.67 1.52 110 

60.0 150 6 1.88 3.13 3.00 104 

149.0 150 6 4.32 7.20 7.45 97 
600 150 6 17.5 29 .2 29.98 97 

Acetoacetie acid. 

2 6 150 6 0.0656 0.109 0.108 100 

25.8 150 6 0.834 1.39 1.29 108 

60.6 150 6 2.07 3.46 3.32 104 

117 150 6 3.82 6.37 6.41 100 

132 150 6 3.87 6.47 6.64 98 

329 150 6 9.55 15.92 16.01 100 
638 150 6 19.67 32.70 31.97 102.5 

684 150 6 18.23 30.4 34.2 90 

B-Hydroxybutyric acid. 

4.5 150 6 0.230 0.382 0.454 85 
9.1 150 6 0.470 0.785 0.909 86 
18.2 150 6 0.975 1.62 1.82 89 
45.45 150 6 2.27 3.90 4.545 84 
90.9 150 6 4.69 7.81 9.09 86 
181.8 150 6 9.54 15.9 18.2 87.5 

454.5 150 6 22 .24 37.15 45.45 82 


All results and figures are given in terms of acetone. 


One source of the acetone value found in blank determinations 
seems to be the presence of a very small amount of some impurity 
in the reagents, possibly in the lead subacetate used in precipi- 
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tating the urine, but this forms only a small percentage of the 
total value. The larger part of the blank is present when water 
alone is distilled successively from the different reagents, and 
seems to come largely from the last distillation from sodium 
peroxide. Cork stoppers must be used to connect the distilling 
flask with the condenser, unless, as suggested by Widmark, an 
all glass still is available. It is necessary to boil water through this 
still before each determination, and it was found best to boil a 
solution containing the same amount of sodium peroxide in the 
flasks before they were used for this final distillation. This pro- 
cedure again resembles that recommended by Widmark. The 
still and flask used in the distillation with acid and potassium 
permanganate were similarly boiled out each day to remove 


TABLE V. 
Date. ; Acetone + acetoacetie acid. 8-Hydroxybutyric acid. 
1920 my. mg. 
Sept. 11 0.0125 0.0185 
11 0.0125 0.0165 
11 0.0138 0.0131 
ng 12 0.0147 0.0190 
¥ 12 0.0262 0.0189 
i 12 0.0151 0.0135 


All results are expressed in terms of the acetone equivalent of the blank. 
These blanks were obtained by redistilling the first distillate from H,SO, as 
KMnQ, and from successively. 


grease which might yield, on oxidation, substances reacting with 
alkaline iodine solutions. Another source of error which should 
be avoided is the presence in the air of the laboratory of ammonia, 
formaldehyde, reducing gases, and other fumes which react with 
alkaline iodine solutions. In working with dilute reagents such 
as are used compounds of this nature may cause serious complica- 
tions. If, however, the analyses are carried out on urines in 
which the acetone content is only slightly increased, these pre- 
cautions may be omitted. In Table V a number of determina- 
tions of blanks on urine reagents treated as in the determination 
are given; these blanks show good agreement with each other. 
It is noticeable that the values of the blanks are so small that they 
are of importance only when there is very little acetone present. 
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In Table VI the results obtained by titrating the distillates 
finally obtained from normal urines are compared with results 
obtained by the use of the reagent described by Scott-Wilson 
(1911). Acetone gives a turbidity with this reagent and the 
reaction is a very delicate one. The turbidity obtained from the 
acetone was matched against that produced by a known amount 
of acetone freshly distilled into the reagent. In some cases the 
turbidities were matched in Nessler tubes; determinations could 
be made to an accuracy of about 0.005 mg. by this technique. 
In other cases the solutions were read in the nephelometer 
(Marriott, 1913-14), and when the amounts of acetone were 
comparatively large, the colorimeter as described by Folin and 


TABLE VI. 
Comparison of Urine Acetone by Iodine and by Scott-Wilson Reagent. 


Acetone + acetoacetic acid. 8-Hydroxybutyric acid. 
Xo. Scott-Wilson reagent.| Iodine titration. |Scott-Wilson reagent.; Iodine titration. 
Concen- Concen- Concen- Concen- 
6 cc. tration 6 cc. tration 6 ce. tration 6 cc. tration 
per 100 cc. per 100 cc. per 100 cc. per 100 cc. 
mg. mg. mg. 3 mg. mg. mg. mg. mg. 
1 0.033 | 0.55 0.033 | 0.55 0.090 1.5 0.113 | 1.9 
2 0.025 | 0.4 0.023 | 0.4 0.083 1.4 0.075 1.25 
3 0.027 | 0.45 0.032 | 0.6 0.130 2.2 0.120; 2.0 


Three normal urines used. All results are expressed in terms of acetone. 


Denis (1914) was used to measure the turbidity. Good agree- 
ment was found by the two methods, and it seems certain that the 
results must represent acetone. Whether the source of that ace- 
tone in the determinations of 8-hydroxybutyric acid was actually 
that acid present in very small amounts in the normal urines 
analyzed is a question which the results do not establish. 

Table VII contains results obtained by the use of the method 
described on a number of urines. The cases included range from 
normal subjects to diabetics showing a moderately advanced degree 
of acetonuria. A few facts are noticeable. First, the values 
found for the normals are very low, in the vicinity of about 2 mg. 
per 100 cc. of urine, for acetone from all acetone bodies. These 
results correspond with the lowest values included in the literature. 
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TABLE VII. 


Urine Determinations. 


Acetone Bodies in Urine 


— 


w 


14 


15 


16 


17 


18 


No. 


| Urine 


Sex. 


Date. 


Preformed 


acetone + aceto- 


acetic acid. 


B-H 


ric acid. 


Remarks. 


Male. 


Female. 


Male. 


Female. 


“ 


Male. 


Male. 


Female. 


Female. 


Female. 


Male. 


Female. 


. 13, 1921 
. 17, 1921 
. 11, 1921 
. 10, 1919 


7, 1920 


15, 1919 
19, 1919 


17, 1919 
19, 1919 


17, 1919 
18, 1919 
19, 1919 


18, 1919 
19, 1919 
20, 1919 


18, 1919 


1919 


20, 1919 


15, 1919 
17, 1919 
18, 1919 
19, 1919 


15, 1919 
17, 1919 
18, 1919 


19, 1919 


my. per 
100 ec. 


gm. per 
24 hrs. 


= 


NO 


© 
Ne 


my). 
100 


bo 
S 


No 
No Or 


m S 


per.gm. per 


ce. | 24 hrs. 


oe uw to 
= 


CW 


Normal mixed. 


“cc 


Arthritic. 


case 3. 
4 


Overweight. 


Diabetic 


Diabetic. 


Diabetic. 


Diabetic. 


Diabetic. 


Diabetic. 


Diabetic. 


| | | | | 
| | | ease 1. 
= | | | 
| | child. 
| | | ! 
| | 
| Mat | 
| Feb | = | 
| Ma | | 
| 
| 
| 1. | 
| * 0.5 | 0.009! 
| | 15 | 1. 
| 
| | 9.2 | 0.156] 
ay 11.2 | 0.063) | 
| 
| 7.2 | 0.163 
| 3.3 | 
0.017) 043] 
6.4 | 0.204) 9.3 | 0.209 
| | 5.1 | | | 
| | 9.24) 0.176 
| 3.0 .7 | 0.057 
! | | 
i | | 2.1 | 0.041 
eee: | | 3.4 | 0.058 
| | 2.5 0.088 
XUM 
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TABLE ViI—Concluded. 


Preformed 
"100 oc. | 24 hrs. | 100 cc. 24 hrs 
19 | Female. | Aug. 15, 1919) 1.3 | 0.037; 2.2 | 0.065} Diabetic. 
“17, 1919} 1.5 | 0.052} 2.7 | 0.092 
18, 1919} 2.7 | 0.041} 3.2 | 0.069 
“19, 1919} 0.5 | 0.012} 1.2 | 0.027 
20 | Male. Nov. 30, 1920! 24.3 | 0.467) 20.8 | 0.400) Diabetic case 5. 
Dec. 1, 1920} 34.3 | 0.686) 54.3 | 1.28 
ee 2, 1920} 49.4 | 0.673/137 1.86 
3, 1920} 56.1 | 0.822)137 2.00 
7 5, 1920) 61.0 | 1.12 |150 2.77 
se 7, 1920} 75.5 | 1.32 |199 3.48 
” 9, 1920} 53.0 | 1.08 |107 2.49 


All results are expressed in terms of acetone. 


Second, there is, in most normal cases more acetone from 
g-hydroxybutyric acid than from acetone plus acetoacetic acid. In 
cases in which the excretion of the acetone bodies is slightly in- 
creased these two fractions are nearly equal, and in some of these 
cases there is an excess of the fraction from preformed acetone 
plus acetoacetic acid over that from $-hydroxybutyric acid. In 
the cases in which larger amounts of these substances were ex- 
creted the fraction from 6-hydroxybutyric acid was again found 
to be the larger, as has been repeatedly found in cases of diabetes 
in which there was a marked degree of acetonuria. These facts 
militate against the theory formerly held that there is any definite 
ratio between the amounts of the acetone bodies formed in the 
body which can be studied from the proportions excreted (see 
also Hurtley, 1915-16). In the two following experiments it is 
shown that these same relationships occur in the same individual 
under conditions which lead to a gradual development of ace- 
tonuria. 

In Table VIII? are recorded data obtained on a normal subject 
while he was living on a diet the fat content of which was increased. 


2 This experiment was carried out in the metabolic ward of Barnes 
Hospital, Saint Louis, through the courtesy of Dr. William H. Olmstead. 


| 

| 

| 

i 

| 


*9U0}908 JO SUIIO} UI SaIpOg JO JO S}[NSoY 


Acetone Bodies in Urine 


= 


0'F 0) FT 06F 0 | | OT9 StF | 9 OST | CLI Lu CL CG» 
€20'0 | 8% 299°0 | 9 OT | OI8 StF FZ OST | 2 €9 CLT 21 GL | 
| € € 0249'0 | | 098 StF 9 FZ OST ; GL 0G 55 
L01'0 | € OL | | | OFO‘'T | StF ‘Z| OST | 2 €9 CLI CL 
6 SE | 82% | $960) F €T | O86 StF FZ OST | 2 €9 CLT CL ST yy 
O'ZII | | 0°89 | | OSTT | | | TOL | 89 
0°69 | 89 | 9 FI; | OS OU $9 OT 
SSI | | | 282°0] | S60‘T | OS OT 89 CT 
c90°0 | 9 | S06 ‘% | OOT | Cl 96 Sey, 
O'LT | OOT‘T | | OOT | 69 102 Cl 96 
900°0 | SFL Gal | | OOT | 69 cl 96 ZI “AB 
*sinoy Jod oulig 
IIA ATAVL 


‘ 
i 
4 
i 
te 
. 


R. 8. Hubbard 371 


The subject of the experiment (the author), was a man 5 feet, 
103 inches in height, weighing 165 pounds, who was doing light 
laboratory work at the time. The amounts of fat eaten were as 
follows: 200 gm. of fat during the first 3 days of the experiment; 
250 gm. during a second period of the same duration; and 175 gm. 
during an after period of 5 days. The carbohydrate was also 
varied during the different periods as shown. There was a slight 
increase in the acetone excretion during the first period, a marked 
increase during the second period, and a return to practically 
normal values at the end of the experiment. Since the appearance 
of a paper by Shaffer (1921) on the relationship of glucose and 
fat to each other in diets which show acetonuria, the percentage 
of the total calories fed as fat, as protein, and as carbohydrate 
have been calculated, and are given in the table. It is noticeable 
that the first diet taken, which caused a slight increase in the 
excretion of acetone, was markedly higher in actual and available 
carbohydrate than the one which he has described as the border- 
line diet for acetonuria; that is, one containing the foods in the 
ratio of 10 per cent in the form of carbohydrate, and 80 per cent 
in the form of fat. The excretion of acetone on this diet was 
increased only very slightly, however, and can, perhaps, be prop- 
erly attributed to variations in the mixtures of fat and carbo- 
hydrate burned at different times during 24 hours; with diets at 
or on the border-line of producing acetone it is evident that such 
variations may be important in causing slight increases in the 
excretion of acetone. 

The relationship between the two fractions of acetone referred 
to above is shown in this experiment. At the start there was an 
excess of acetone from 6-hydroxybutyric acid over that from ace- 
tone plus acetoacetic acid, a condition often, although not invari- 
ably, found in normal urine. During the first part of the experi- 
ment the fraction from acetone was in excess, but when the diet 
was markedly high in fat, and the total excretion of acetone 
consequently increased, the relationship of the substances was 
the same as that found at the start of the experiment; that is, 
there was an excess of acetone from $-hydroxybutyric acid similar 
to that usually described in diabetic urines. When the diet became 
more nearly normal, and the excretion of acetone began to de- 
crease, there was again a period in which there was more acetone 
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4 


from preformed acetone plus acetoacetic acid than there was 
from 6-hydroxybutyric acid. 

The total nitrogen (determined by the Kjeldahl method) 
shows a slight negative balance during the first part of the experi- 
ment, but this negative balance was not sufficiently pronounced 
to allow conclusions to be drawn from the data. The ammonia 
nitrogen excretion was increased, and roughly paralleled the 
increased acetone excretion. The ammonia was determined by 
the method of Folin and Macallam (1912). 

Table IX, which contains results from another normal subject 
observed during a‘short fast, shows somewhat the same picture 


TABLE IX. 
Acetone Bodies Excreted during a Short Fast. 


1, 340)1, 120 |1, 020 {1,265 | 1,270 
Acetone + acetoacetic acid, mg. per 

Acetone + acetoacetic acid, gm. per 

B-Hydroxybutyric acid, mg. per 100 cc...| 1.6 |1.4 40 |9.0 | 3.8 
B-Hydroxybutyric acid, gm. per 24 hrs...| 0.021)0.016 | 0.041; 0.114) 0.043 


* This sample of urine was obtained from the subject several days 
before the experiment was commenced. 
All results are expressed in terms of acetone. 


although here the experiment was not carried far enough to show 
the second crossing of the curves which is known to take place in 
cases of prolonged fasting. This case resembles, in the general 
course of the relative concentrations of the fractions, the cases 
reported by Folin and Denis (1915). 

Many cases of diabetes studied during the development and 
clearing up of acetonuria have shown similar phenomena, and it 
can be found also in some of the results in the literature (Hurtley, 
1915-16). 

As it is generally accepted that acetoacetic acid is the immediate 
source of preformed acetone (Folin, 1907; Widmark, 1920) these 
two compounds can be -considered together, and the acetone of 
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the breath added to give a total measure of the acetoacetic acid 
excreted. From the data presented, there would appear to be a 
marked increase in the acetoacetic acid before there is an increase 
in B-hydroxybutyric acid; if this fact, shown by a study of the 
excretion of the “acetone bodies, ’’ is a true measure of the relative 
formation of the two compounds in the body, it would seem to 
indicate that the substance which finally fails to be completely 
burned .under the conditions studied is acetoacetic acid rather 
than 8-hydroxybutyric acid. On the other hand, it is possible 
that the excretion of acetoacetic acid occurs at a lower concentra- 
tion of the substance in the blood than does the excretion of 
8-hydroxybutyric acid. This is known to be the case for acetone 
itself as compared with acetoacetic acid (Widmark, 1920), and it 
is not unreasonable to assume that there may be a similar relation- 
ship between the “kidney thresholds”’ for the other two acetone 
bodies. In one case a sample of blood was obtained from a patient 
during the development of acetonuria when there was a higher 
concentration of aaetone from acetone plus acetoacetic acid in the 
urine than there was from £-hydroxybutyric acid, and in the 
blood these two fractions were found to stand in the opposite 
relationship to each other. For the present, attention can only 
be called to the fact that there is such a difference in the excretion 
of the two fractions when the organism is producing only slightly 
increased amounts of the acetone bodies. 


CONCLUSION. 


A method has been described for the determination of the 
acetone bodies in normal urine, which gives a good percentage of 
recovery for substances added, and which is particularly applicable 
for the analysis of normal urines. It gives low values for normal 
urines, but not lower than some already included in the literature. 
Duplicates agree well, and determinations when carried out by 
two distinct methods of final analysis show satisfactory agree- 
ment. In addition two cases are presented in which the gradual 
development of acetonuria was brought about, and a brief dis- 
cussion is given of the relationship between the different acetone 
bodies under such conditions. 


My thanks are due to Dr. Philip A. Shaffer for his advice and 
assistance during the progress of this work. 
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of Medicine, Saint Louis, and the Laboratories of The Clifton 
Springs Sanitarium, Clifton Springs, New York.) 


(Received for publication, October 4, 1921.) 


Comparatively few methods are available for the determination 
of the acetone bodies in blood. Marriott (1913-14, b) has 
described a method by which the nephelometric technique 
described by him (1913-14, a) could be applied to the determina- 
tion of these substances in blood. Scott-Wilson’s reagent was 
used in this determination (Scott-Wilson, 1911). Marriott used 
this method in studying the relationships of the acetone bodies 
to each other (1914, b) and the level of acetone content of the 
blood in acidosis (1914, a). 

Kennaway (1914) has described a method for determining 
acetone bodies in urine, using the Scott-Wilson reagent for the 
final determination. In a later paper Kennaway (1918) has 
applied this technique to the determination of acetone in the 
blood from diabetic patients, but was not able to carry through 
the method successfully on normal bloods. 

Van Slyke and Fitz (1917, 1920) have described the application 
of Van Slyke’s (1917, b) method to the determination of acetone 
bodies in blood. Short (1920) has recently described a modi- 
fication of this method applicable to blood from operative cases 
in which ether is used. 

Widmark (1919) has described a method for determining acetone 
from preformed -acetone plus acetoacetic acid by the use of a 


* The results reported in this paper formed a part of a thesis presented 
in partial fulfillment of the requirements for the degree of Doctor of Phil- 
osophy at Washington University, Saint Louis, in June, 1921. A partial 
preliminary report of the method was given before the American Society 
of Biological Chemists, in December, 1920 (Hubbard and Wright, 1921). 
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modified Messinger titration method. This method, in common 
with those described by Ljungdahl (1917, 1919) and others, used 
a solution of biiodate as the source of the iodine. Widmark’s 
method does not show the presence of acetone from preformed 
acetone plus acetoacetic acid in normal blood, and, in common 
with most of the other methods, is not applicable for the deter- 
mination of 6-hydroxybutyric acid in the same sample in which 
acetone is determined. | 

In extending the method for the determination of small amounts 
of acetone by the Messinger titration (Hubbard, 1920) to the 
determination of the acetone bodies in blood the only difficulty 
found was in choosing a satisfactory method for the precipitation 
of protein and other interfering compounds. Marriott (1913-14, b) 
used colloidal iron for removing protein before determining ace- 
tone with Scott-Wilson’s reagent, and by modifying this pro- 
cedure it was found possible to remove a large part of the reduc- 
ing compounds with the protein, and so make the technique 
available for a final determination with alkaline iodine solutions 
instead of with the reagent used by him. The method used was 
based on experiments with lead and sodium hydroxide described 
in the preceding paper (Hubbard, 1921). 

An amount of blood varying from 1 to 5 cc. was measured into 
a 100 ec. shaking cylinder, and water was added to give a volume 
of between 40 and 50 ce. 50 ec. of colloidal iron were added, and 
the solution was thoroughly shaken. Next, 10 cc. of Goulard’s 
extract were added, and the solution was shaken again. Finally, 
enough sodium hydroxide was added to precipitate the lead, the 
solution again thoroughly mixed, and allowed to stand for about 
1 hour. It was then diluted to the mark and centrifuged in tubes 
covered with rubber caps to prevent loss of acetone. The super- 
natant liquid was then poured through filter paper, and an aliquot 
used for the analysis. The filtrate was clear, gave no precipitate 
of lead with sulfuric acid, or of protein with sulfosalicylic acid, 
and contained very little reducing substances when tested with 
alkaline picrate solutions even when the concentration of blood 
sugar was as high as 0.3 per cent. ? 

The amount of sodium hydroxide that should be used must 
be determined by preliminary experiment for each batch of 
Goulard’s reagent as the lead content of this reagent varies some- 
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what. The proper amount to use is the smallest amount of sodium 
hydroxide which will precipitate the lead from solution. The 
filtrate from the precipitation of lead with sodium hydroxide 
should react alkaline to litmus, but only faintly alkaline to phenol- 
phthalein. 50 cc. when titrated with 0.01 N acid will require only 
about 2 ce. to render it neutral to phenolphthalein. 10 cc. of the 
reagent used in this work required 5.9 cc. of 2N sodium hydroxide 
to give the required end-point. Electrolytic sodium hydroxide 
should be used in preparing this reagent. 

An aliquot of the filtrate was used for the determination of the 
acetone bodies. If only 5 cc. of blood were available for the 
determination, the aliquot taken was usually 50 cc. When more 
blood was available two or three separate precipitations were 
carried out as described, and the filtrates combined. In all cases 
the solution was diluted to a final volume of 150 ec. for the deter- 
mination. The accuracy of the determination is, of course, 
greatly increased when more blood is available. This analysis was 
carried out in the same way that was described for urine, except 
that it was found that a distillation of the distillate first obtained 
from an excess of sodium hydroxide before treatment with sulfuric 
acid plus potassium permanganate gave more consistent results. 
This treatment appeared to remove some volatile acid which, on 
oxidation with acid and potassium permanganate gave a compound 
which reacted with alkaline iodine solutions. Subsequent dis- 
tillations from sulfuric acid plus potassium permanganate and 
from sodium peroxide were carried out as described in the pre- 
ceding paper. For the final determination it is advisable, in 
most cases, to use 10 cc. of an iodine solution, 1 cc. of which is 
equivalent to 0.02 mg. of acetone, and titrate with a solution of 
sodium thiosulfate which is one-half as concentrated. In this 
case the correction to be added to the determination of acetone 
from B-hydroxybutyric acid is 17 instead of 15 per cent (see Table I). 

Table I gives the recovery of the acetone bodies when added 
to blood. These compounds were prepared in the way already 
described in the paper on the determination of the acetone bodies 
in urine, and the percentage of recovery is practically the same 
as that found in the former study. 

Table II gives the values found for determinations carried 
out on the reagents alone. These were carried out in the same 
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way that has already been described in the paper on urine, except 
for the extra preliminary distillation of both fractions mentioned 
above. There is good agreement among the duplicate determina- 
tions even when these are carried out on different days. It is 


TABLE I. 
Recovery of Substances Added to Blood. 
Co tra- Taken. 
pared. | Filtrate. | Blood. 
Acetone. 
cc cc, mg mg mg 
8.6 50 23 0.233 0.446 0.432 106 
31.0 50 23 0.735 1.470 1.55 95 
80.1 50 23 1.93 3.8 4.05 95 
160.2 50 23 3.83 7.66 8.10 95 
Acetoacetic acid. 

2.0 50 23 0.0585 0.107 0.101 106 
5.6 50 24 0.143 0.286 0.285 100 
11.3 50 24 0.255 0.510 0.564 90.5 
61.0 50 23 1.54 3.08 3.05 101 
119.4 50 24 2.96 5.92 5.97 99 

6-Hydroxybutyric acid. 

0.9 60 3 0.026 0.0434 0.0454 96 

1.8 60 3 0.046 0.0767 0.0909 S4 

3.6 60 3 0.089 0.149 0.182 83 

9.1 60 3 0.228 0.380 0.4545 84 
18.2 60 3 0.433 0.723 0.909 SO 
18.2 50 23 0.385 0.741 0.909 82 
36.4 50 24 0.741 1.48 1.82 82 
44.4 50 23 0.936 1.87 2.27 82.5 
90.9 50 24 1.83 3.65 4.545 81 


All calculations are made in terms of acetone. 


not necessary to run a blank on the reagents every time that a 
determination is carried out if the precautions described in the 
preceding paper are observed. In other words, the last flask 
must be freshly boiled out with sodium peroxide, a cork stopper 
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must be used in connecting that flask with the still, and, most 
important of all, the laboratory must be free from fumes. 

Tables III and IV show that good agreement on duplicate 
samples of blood can be obtained by this technique. 


TABLE II. 
Blanks on Blood Reagents. 


Acetone + acetoacetic acid. 8-Hydroxybutyric acid. 
Date. Filtrate. 
Found. Found. 
1920 ce. mg. mg. mg. mg. 
Nov. 13 150 0.0147 0.0049 0.0262 0.0087 
eee 100 0.0112 0.0056 0.0182 0.0091 
shes 50 0.0082 0.0082 0.0107 0.0107 
~ 50 0.0082 0.0082 0.0097 0.0097 
ae 50 0.0092 0.0092 0.0137 0.0137 
50 0.0067 0.0067 0.0072 0.0072 
waeeee 150 0.0205 0.0068 0.0165 0.0055 
ee 100 0.0155 0.0077 0.0235 0.0117 
= 50 0.0065 0.0065 0.0135 0.0135 
50 0.0065 0.0065 0.0110 0.0110 
a 50 0.0125 0.0125 0.0095 0.0095 
50 0.0070 0.0070 0.0225 0 .0225* 


All results are expressed in terms of the acetone equivalent of the blank, 

When determinations were carried out in the routine manner on 50 ce. 
of filtrate (equivalent to 2.5 cc. of blood) the difference between the most 
widely varying blanks from preformed acetone plus acetoacetic acid is 
equivalent to a difference of 0.1 mg. in 100 cc. of blood; under the same 
conditions the maximum variation for the blank from the 8-hydroxy- 
butyric acid fraction is 0.6 mg. in 100 cc.; if the starred (*) value is omitted, 
this difference of 0.1 and 0.2 mg. is based on eight and on seven separate 
determinations, respectively. 

These blanks were obtained by redistilling the first distillate from 
NaOH, H2SO, + KMnQ,, and Na2Oz, successively. 


It was thought that possibly small amounts of acetoacetic acid 
might be precipitated by the preliminary treatment of blood. 
It was possible that substances in blood might be lost in this way, 
although, when larger amouuts were added, such added amounts 
might be recovered. To test this possibility a series of bloods 
ranging from an acetone content of 0.05 mg. per 100 cc. to a content 
of 2.5 mg. per 100 cc. was tested by the following technique: 
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TABLE ITI. 
Analysis of B-Hydroxrybutyric Acid in Samples of Defibrinated Beef Blood. 
ot | | Difference. | Acetone. | aguvaitnt, | coFrected for 
oh ao ec. thiosulfate | cc. thiosulfate mg. mg. acetone mg. 
9.80 8.90 0.90 0.090 0.050 
9.80 8 .95 0.85 0.085 0.04 0.045 
24.60 23.75 0.85 0.085 0.045 
24.60 23 .65 0.95 0.095 0.055 
‘TABLEIV. 


B-Hydroxybutyric Acid in 100 Cc. Defibrinated Beef Blood. 


Corrected for 


Acetone found. 80 per cent recovery. 


Sample taken for analysis. 


5 3.6 4.5 
5 3.6 4.5 
5 3.6 4.5 
5 3.7 4.6 
1 3.6 4.5 


The sample of blood gave 0.5 mg. of acetone from preformed acetone 
and acetoacetic acid. 


TABLE V. 
Effect of Precipitation on the Determination of Acetone in Blood. 
Taken. 
Acetone found. Acetone found. 
Filtrate. Blood. 
5 0.0605 1.2 50 23 0.0240 1.0 
5 0.135 2.7 50 23 0.0695 2.7 
5) 0.0953 1.9 50 23 0.0417 1.7 
3 0.0133 0.3 50 23 0.00944 0.4 
5 0.142 2.8 100 5 0.138 2.8 
5 0.0020 0.04 100 5 0.0025 0.05 
5 0.0565 1.1 100 5 0.0497 1.0 


Results are acetone from preformed acetone plus acetoacetic acid 
expressed in terms of acetone. 

Each pair of determinations was carried out in different bloods. All 
were purified by redistillation as described. 
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5 ec. of blood were measured into an 800 ce. Kjeldahl flask, about 
200 ec. of water and 10 ce. of sulfuric acid (1 part of the concen- 
trated acid diluted with 1 part of water) added, and the mixture 
was distilled for 20 minutes. The distillate was then purified 
by successive redistillation from sodium hydroxide, sulfuric acid 
plus potassium permanganate, and sodium peroxide. Duplicate 
samples of the same bloods were analyzed by the technique 
described in this paper; that is, they were precipitated and aliquots 
of the filtrate were distilled and redistilled as described. Table V 
contains the results obtained, and shows that there is good agree- 
ment between the values from the treated and untreated blood. 
In view of the recovery of acetone and of acetoacetic acid when 
added to blood before precipitation, and of the agreement shown 


TABLE VI. 
Comparison of Blood Acetone by Iodine and by Scotl-Wilson Reagent. 


Taken. 
No. Scott-Wilson reagent. Iodine titration. 
Filtrate. Blood. 
ce. ec. mg. "100 mg. 
1 50 23 0.004 0.2 0.005 0.2 
2 50 23 0.008 0.3 0.0094 0.3 


Acetone from preformed acetone plus acetoacetic acid determined on 
two normal bloods. 


between results on blood and the filtrate from the precipitation, 
it is certain that these compounds are not removed even in small 
amounts by the precipitation with colloidal iron, basic lead acetate, 
and sodium hydroxide. 

The acetone plus acetoacetic acid from two bloods was deter- 
mined by both iodine titration and precipitation with Scott- 
Wilson’s reagent. The results are given in Table VI, and show 
good agreement between the values obtained. The analysis with 
Scott-Wilson’s reagent was carried out as described in the pre- 
ceding paper. 

Table VII presents the results obtained on a series of bloods 
from different types of cases. It contains, in addition to the 
values of the acetone bodies, the values for blood sugar as deter- 
mined by the method of Benedict (1918) and of carbon dioxide- 
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TABLE VII. 
Blood Determinations. 


Acetone| 
8-Hy- Alkali 
Sex Date. Sugar. re- Remarks. 
express-| acid. 
ed as 
jacetone. 
“100 be. | 100 ee. | Per cent 
1 Male. Nov. 19, 1919 | 0.3 | 0.8 Normal. 
I = Dec. 8, 1919 | 0.1 | 0.1 | 0.098 | 65.3 
1 Jan. ?, 1920/|0.1 | 0.4 
1 ae Nov. 11, 1920 0.4 | 0.098 | 74.0 
2 » Dec. 17, 1919 | 0.1 | 0.3 | 0.121 | 71.0 | Normal. 
2 - Nov. 18, 1920 | 0.7 | 0.4 | 0.135 | 68.3 
3 - Dec. 14, 1919 | 0.3 | 0.4 | 0.125 | 76.8 | Normal. 
4 i Nov. 27, 1920 | 0.3 | 0.4 | 0.102 | 78.0 x 
5 Dec. 3, 1920 | 0.2 | 0.3 | 0.125 | 61.7 
6 Female. | Nov. 5, 1919 | 0.8 0.118 | 61.5 = 
7 7 Dec. 10, 1919 | 0.6 | 0.7 | 0.111 | 56.8 | Obese. 
8 as Feb. 17, 1921 | 0.9 | 0.02 | 0.139 | 58.7 | Arthritic. 
8* 20, 1921 | 1.8 | 2.9 | 0.153 | 51.0 
9 6 Nov. 24; 1920 | 0.6 | 0.4 | 0.128 | 50.4 | Nephritic. 
10 | Male. Dec. 18, 1920 | 1.4 | 1.6 | 0.167 | 46.2 ais 
11 Nov. 6, 1920; 1.1 | 0.8 62.4 | Gastroin- 
testinal. 
12 Female. | Dec. 11, 1919 | 0.7 | 2.5 | 0.098 | 56.0 | Thyroid. 
13 “ 10, 1919 | 0.03 | 0.2 | 0.102 
14 ” Nov. 29, 1919 | 0.1 | 0.6 | 0.109 | 66.0 2 
15 Dec. 7, 1919 | 0.2 | 0.3 | 0.125 | 78.7 
16 + Nov. 24, 1920 | 0.8 | 0.9 | 0.222 | 72.1 | Diabetic. 
17 s Dec. 17, 1919 | 0.8 | 0.6 | 0.190 | 50.0 a4 
17 Jan. 9, 1920; 1.2 | 1.4 | 0.125 | 67.2 
18 | Male. Dec. 4, 1920 | 6.5 | 8.9 | 0.222 | 42.8 | Diabetic. 
18 sa “18, 1920 | 2.7 | 5.2 | 0.154 
19 Female “ 10, 1920 | 1.0 | 1.0 | 0.250 | 57.9 | Diabetic. 
19 18, 1920 | 1.2 | 3.1 | 0.190 
20 * 7,1920 | 1.0 | 2.4 | 0.161 | 57.6 | Diabetic. 
21 7 Nov. 11, 1919 | 0.0 | 0.4 | 0.266 " 
22 Male. “11, 1919 | 0.9 | 0.0 | 0.144 - 
23 - Jan. 10, 1920 | 2.8 | 3.7 0.185 ” 
24 | Female. | Aug. 18, 1919 | 0.7 | 2.0 | 0.128 | 57.0 5 
25 “ 48,1919} 1.5 | 0.092 
26 Dec. 5, 1920} 0.8 | 0.7 | 0.156 | 48.5 


* After diet markedly high in fat fed for 4 days. 
Results for acetone, acetoacetic acid, and 8-hydroxybutyric acid are 
expressed as acetone. 
Alkali reserve is measured as the CO:-combining capacity of the plasma. 
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combining power of the plasma as determined by the method of 
Van Slyke and Cullen (Van Slyke, 1917, a; Van Slyke and Cullen, 
1917). The bloods analyzed were kept from clotting with potas- 
sium oxalate, and were analyzed on the same day that they were 
taken. In most cases the bloods were drawn before breakfast. 
Inspection of the table shows that the values for normal bloods 
range from 0.1 to about 1.0 for acetone from all three acetone 
bodies. Results on cases of diabetes sometimes fall into the same 
range, and are sometimes much higher. Neither in normal nor 
in pathological specimens is there any relationship between the 
amount of acetone from acetone plus acetoacetic acid and that 
from 6-hydroxybutyric acid except in the case of diabetic bloods 
in which both values are high; in them the acetone from £- 
hydroxybutyric acid is in excess. 


CONCLUSION. 


A method for the determination of the acetone bodies in blood 
has been described which gives a high and constant percentage of 
recovery for added acetone bodies, and which gives good agree- 
ment between duplicate determinations. Agreement is also 
found between the values of the acetone as determined by two 
different methods—a fact which renders it probable that the 
substance so determined is acetone. The results obtained by 
this method on blood from normal subjects are low. The 
accuracy of the determination is about 0.1 mg. per 100 cc. of 
blood. 


My thanks are due to various members of the Staff of The 
Clifton Springs Sanitarium for the pathological specimens of 
blood analyzed. | 
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BLOOD ACETONE BODIES AFTER THE INJECTION OF 
SMALL AMOUNTS OF ADRENALIN CHLORIDE.* 


By ROGER S. HUBBARD anp FLOYD R. WRIGHT. 
(From The Clifton Springs Sanitarium, Clifton Springs, New York.) 
(Received for publication, October 4, 1921.) 


In an earlier paper (Hubbard, 1921) results were reported on 

the study of normal subjects under conditions which caused a 
slightly increased excretion of the acetone bodies. The results 
showed that under such conditions there was an amount of aceto- 
acetic acid excreted during the development of acetonuria which 
was in excess of the 6-hydroxybutyrie acid simultaneously ex- 
creted. Conclusions from these findings were uncertain, as the 
results were complicated by differences in the kidney thresholds 
of the different compounds, and these prevented certain inter- 
pretation of conditions within the organism. For this reason 
it seemed desirable to investigate conditions other than dietary 
changes which might give rise to increased production of the ace- 
tone bodies, and in which the increase and return to normal 
values would take place within a comparatively short period of 
time. The effect of the injection of adrenalin chloride was 
selected for study. 

Peters and Geyelin (1917) have reported experiments which 
showed that after the injection of adrenalin chloride solution 
there were changes in the carbon dioxide-combining capacity of 
the plasma as well as in the blood sugar content and blood pressure. 
These experiments indicate that there are extensive changes in 
the chemistry of the blood brought about by the presence of large 
amounts of this substance, and it was thought that changes might 
be found in the acetone bodies. Eiselt (1910) has reported an 
increase in urine acetone as the result of the injection of adrenalin 
into a patient suffering from Addison’s disease. 


* A preliminary report of the work described below was given before 
the American Society of Biological Chemists, in December, 1920 (Hubbard 


+ and Wright, 1921). 
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A series of seven experiments was run on normal men. Each 
subject was fed a standard simple breakfast, and an hour after- 
wards received an injection of 0.5 or 1 cc. solution of adrenalin 
chloride in a one to one thousand dilution. A sample of blood 
was taken before the injection was given, and other samples were 
taken at various intervals after the injection. Each sample was 
analyzed for acetone from preformed acetone plus acetoacetic 
acid and for acetone from $-hydroxybutyrie acid by the tech- 
nique described in the preceding paper (Hubbard, 1921), for sugar 
by the technique described by Benedict (1918), and for the car- 
bon dioxide-combining capacity of the plasma by the method 
of Van Slyke and Cullen (Van Slyke, 1917; and Van Slyke and 
Cullen, 1917). Changes in the systolic and diastolic blood pres- 
sure and the pulse rate were also recorded. These last showed no 
anomalies, except the expected variations with the larger dose of 
adrenalin chloride, and a detailed deseription of them has accord- 
ingly been omitted from this paper. 

The results obtained from the chemical analysis of the various 
samples of blood on the different patients are listed in Table I. 
Three of the experiments show a distinct rise of the acetone bodies, 
with a subsequent return to the values found preceding the 
injection of the adrenalin. In two of these cases both of the frac- 
tions show the increase. The experiments which showed the 
most marked variations are experiments in which the subject 
received a dose of 1 cc. of the drug. There was one experiment 
in which a dose of 1 cc. was given, and in which there was no 
change in the acetone bodies. The subject of this experiment 
showed a high blood sugar value in the sample taken before the 
injection and perhaps should not be classed as normal but there is 
no other reason for making such an assumption. There is no 
constant relationship in the degree of response of the different 
acetone bodies, and the results in the cases where there is a rise 
noted do not seem to bear any relationship to the changes in 
blood sugar nor in the carbon dioxide-combining power of the 
plasma. The magnitude of the rise observed in some cases and 
the subsequent return to normal values indicate that the changes 
are real changes in the substances present in the blood, induced 
by the adrenalin chloride administered. 
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TABLE I. 
Acetone} 
B-Hy- 
plus € Plasma 
acid per id CO: 
190 cc 
ee. Ars. mg mg. | percent ee 
1 | Male.) Dec. 8, 1919 z Before. | 0.1 | 0.1 | 0.098) 65.3 
: i 0.3 0.3 0.156 

1} 0.05 | 0.2 | 0.160) 72.4 
24 0.100} 71.0 
l ¢ Nov. 7, 1920 1 Before | 0.25 | 0.098) 74.0 

0.6 1.1 0.167) . 
1 1.3 1.7 0.225) 53.8 
2 0.5 0.2 0.136) 51.0 
2 - Dec. 17, 1919 4 Before. | 0.1 0.3 0.121) 71.0 
3 0.1 | 0.3 | 0.133) 71.0 
1} 0.25 | 0.4 0.222) 69.1 
2} 0.1 0.4 | 0.160) 71.0 
2 m Nov. 18, 1920 1 Before 0.135) 68.3 
4 0.3 0.157} 59.8 
1 0.2 | 0.0 | 0.215} 56.6 
2 0.2 | 0.2 0.194} 55.1 
3 ” “ 14, 1919 4 Before 0.3 0.4 | 0.125) 76.8 
0.5 1.1 0.154) 76.8 
1} 0.6 0.5 0.128) 67.3 
23 0.25 | 0.35 | 0.122) 76.8 
5 Dec. 3, 1920 Before 0.2 0.3 0.125) 61.7 
4 0.3 0.3 0.154) 62.6 
1 0.6 | 0.1 0.200} 62.1 
2 0.3 0.3 0.122} 59.8 
4 - Nov. 27, 1920 1 Before 0.3 0.4 0.102) 65.3 
3 0.8 0.5 0.236) 59.5 
1 0.8 0.9 0.266) 55.7 
0.3 0.3 0.166; 61.4 


Results for all three acetone bodies are expressed as acetone. 
Alkaline reserve is measured as the CO,-combining capacity of the 
plasma. 
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The most satisfactory explanation for the results reported is 
in the probable local restrictions of the blood supply induced by 
the drug, which lead to a local production—or failure of combus- 
tion—of the acetone bodies. Such production could occur under 
these conditions in spite of the increased glucose content of the 
blood. 

The production of these acetone bodies certainly cannot be 
looked upon as responsible in any degree for the marked lowering 
of the alkaline reserve observed. ? 

The experiments do not afford any information concerning 
the question of the order of the production of the acetone bodies 


in the organism. 


Our thanks are due to the members of the Staff of The Clifton 
Springs Sanitarium who served as subjects for these experiments, 
and particularly to the late Dr. Malcolm 8. Woodbury, superin- 
tendent of the Sanitarium, for the continued encouragement which 
he extended to us during our experiments. 
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SOME NUTRITIVE PROPERTIES OF NUTS. 


II. THE PECAN NUT AS A SOURCE OF ADEQUATE PROTEIN.* 


By F. A. CAJORI. 
(From the Department of Chemistry, Stanford University, Palo Alto.) 


(Received for publication, October 13, 1921.) 


It has been recently observed that young rats would grow at a 
normal rate and attain adult size on diets in which the essential 
source of the protein of the ration was derived from various nuts.! 
From these results it was concluded that the proteins of these 
nuts furnished suitable amounts of those amino-acids necessary 
for growth and that they can be regarded as ‘‘complete’”’ from 
the point of view of nutrition. 

With the exception of the pecan nut successful feeding trials 
resulted with all the nuts investigated, a list that included many 
of our important protein-rich nuts. The rations containing the 
pecan nut as the source of protein were complete in every other 
known dietary essential. ‘Two causes may account for the failure 
of rats to grow at a normal rate on such diets. The proteins of 
this nut may yield insufficient amounts of those amino-acids 
that determine the nutritive value of a protein; or the pecan nut 
may contain some substance which renders rations of which it 
is an important component distasteful or injurious to rats. 

At the time of these observations there were on record neither 
detailed studies of the type of protein existing in the pecan nut 
nor studies of their chemical make-up. In view of the importance 
that this nut is assuming as a food crop in the United States,’ 


* The results reported in this paper were presented before the Pacific 
Coast Division of the Society of Experimental Biology and Medicine at 
the meeting of October 15, 1921. 

1 Cajori, F. A., J. Biol. Chem., 1920, xiii, 583. 

2 In 1909 the production of pecan nuts in the United States was 9,890,769 
pounds. In 1919, 45,619,000 pounds, a gain in 10 years of 400 per cent. 
These figures were taken from the 1910 United States Census Reports and 
the United States Bureau of Crop Estimation report, 1919. 
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it seemed desirable to study the chemical character of the pro- 
teins of the pecan nut, and with such a basis for evaluation of 
their nutritive properties, to repeat feeding experiments on animals. 


Chemical Experiments. 


Methods for the isolation and purification of plant proteins 
have been developed by Osborne*® and more recently by Johns 
and his coworkers‘ in their investigations of seed proteins. We 
have followed these methods in our work on the proteins of the 
pecan nut. The Van Slyke method’ was used for protein analysis. 


Preliminary Experiments. 


Several kilos of shelled pecan nuts (1.5 per cent nitrogen) were passed 
through a meat grinder and the finely divided mass put in a laboratory 
press. This process, followed by repeated extraction with petroleum 
ether, removed all but traces of oil. The oil-free residue was ground in a 
mortar; the resulting product was a fine gray powder containing 4.3 per 
cent nitrogen. 

Small samples of the pecan meal were extracted over night with sodium 
chloride solutions of different strengths, and aliquots of the clear filtrate 
analyzed for nitrogen. Table I shows the amount of protein extracted 
from 2.5 gm. samples of the meal. 

Fractional Precipitation with Ammonium Sulfate.—Solid, finely powdered 
ammonium sulfate was added to 10 ce. of a 9 per cent sodium chloride 
extract of pecan meal. The salt was added in amounts calculated to 
gradually saturate the solution, each addition increasing the degree of 
saturation by 0.5 per cent. After each addition of ammonium sulfate the 
solution was shaken and the salt completely dissolved before the next 
quota of salt was added. The solution was examined for precipitated 
protein at the various stages of saturation. 

When the solution was 0.2 saturated a slight cloud appeared. At 0.4 
saturation the solution became turbid and at 0.45 saturation a flocculent 
precipitate formed which was removed by filtration. Further addition of 
ammonium sulfate to the filtrate caused no change until 0.8 saturation 
was reached when the solution again became slightly turbid. This turbid- 
ity persisted, unchanged, when the solution was completely saturated. 
Examination of the saturated solution after it had stood over night showed 
that a small flocculent precipitate had formed. 


3 Osborne, T. B., The vegetable proteins, London, New York, Bombay, 
and Calcutta, 1909. 3 

4 Johns, C. O., and Waterman, H. C., J. Biol. Chem., 1920, xlii, 59. 
Johns, C. O., and Gersdorff, C. E. F., J. Biol. Chem., 1920-21, xlv, 57. 

5 Van Slyke, D. D., J. Biol. Chem., 1911-12, x, 15; 1915, xxii, 281. 
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To 5cc. of the 9 per cent sodium chloride extract, 1.86 gm. of ammonium 
sulfate were added so as to make the solution 0.5 saturated. A heavy 
precipitate formed. After 2 minutes this was filtered and 0.74 gm. of 
ammonium sulfate was added, making the solution 0.7 saturated. A very 
slight turbidity was noticed. To completely saturate the solution 1.16 gm. 
of the salt were added. A marked turbidity resulted. 

Temperature of Coagulation.—5 cc. of the 9 per cent sodium chloride 
solution were acidified with a drop of very dilute acetic acid. A thermom- 
eter was inserted in the test-tube containing the acidified solution and 
the tube heated in a double jacketed water bath. The temperature was so 
regulated that there was a rise of not over 1° in 2 minutes. 

At 55°C. a slight turbidity was noted but no flocculent coagulum ap- 
peared until the temperature of 70°C. was reached. The solution was 
kept at 71°C. for 1 hour. After cooling, the precipitate was removed by 
filtration and the clear filtrate again heated. At 70°C. the solution became 
slightly cloudy, and at 79-82°C. a precipitate began to form. A definite 


TABLE I. 
Extraction of Pecan Proteins with Sodium Chloride Solutions. 


NaCl N extracted. Protein extracted (N X 6.25). 
per cent mg. per cent 
0.1 12.4 3.1 
1.0 12.7 3.1 
3.0 26.4 6.9 
5.0 35.1 8.1 
7.0 45.8 10.6 
9.0 50.9 11.9 
11.0 58.0 14.4 


coagulum formed at 86°C. and the solution was kept at this temperature 
for 1 hour. The heavy coagulum present at the end of this time was re- 
moved by filtering, and the heating continued. At 90°C. a slight cloudi- 


ness appeared. 
Long heating at 97-100°C. caused a slight coagulation to form. 


The preliminary experiments indicate that pecan meal con- 
tains, as its principal protein, a globulin, salted out by 0.5 satura- 
tion with ammonium sulfate and coagulated at 79-86°C. There 
is evidence of a trace of an albumin, which starts to coagulate at 
55-60°C. and is precipitated by ammonium sulfate only at a 
point of complete saturation. The fact that at the temperature 
of boiling water a slight coagulum forms, in addition to that caused 
by lower temperatures, is evidence, perhaps, of a second globulin, 
present in very small amounts. 
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Preparation of a Pecan Globulin. 


Several hundred grams of pecan meal were extracted with seven times 
their weight of 10 per cent sodium chloride solution. The undissolved 
residue was separated from the solution by squeezing the mass through 
cheese-cloth. A solution free from suspended particles was obtained by 
filtering it several times through thick layers of paper pulp on a Buchner 
filter. This slightly opalescent solution was made 0.5 saturated with 
ammonium sulfate by the addition of the calculated quantity of the salt 
and allowed to stand over night. As much as possible of the clear super- 
natant solution was syphoned off from the precipitated globulin before it 
was transferred to a filter. The protein was removed from the filter paper 
and redissolved with distilled water and a little 10 per cent sodium chloride. 
It was again filtered clear and then dialyzed in parchment paper bags 
against running water for 120 hours. After that time it gave no more 
marked a test for sulfates and chlorides than did the tap water against 
which it was dialyzed. The contents of the bag were transferred to a 
Buchner filter and washed with distilled water and alcohol. The globulin 
was dehydrated by suspending it in absolute alcohol over night. It was 
filtered on a hardened filter paper, washed with anhydrous alcohol and 
ether, dried in a Freas oven at 110°C., and finally placed in a vacuum 
desiccator over concentrated sulfuric acid. 


The pecan globulin, prepared in this way, was a light gray 
powder, with no evidence of crystalline structure, containing 
15.76 per cent nitrogen and 0.83 per cent sulfur, calculated on a 
moisture- and ash-free basis. It gave the usual protein tests 
including a strongly positive test for tryptophane with the Hop- 
kins-Cole reagent. With a-naphthol a very faint color developed 
due undoubtedly to slight contamination of the preparation with 
traces of filter paper. 

The distribution of the nitrogen in this globulin as determined 
by the Van Slyke method, after complete hydrolysis with 20 per 
cent hydrochloric acid, is shown in Table II. 

In general this analysis agrees fairly well with the recently 
published results of Dowell and Menaul. These authors deter- 
mined the nitrogen distribution of the mixed proteins extracted 
from pecan meal by barium hydroxide and sodium hydroxide. 
The fact that our analyses are similar would indicate that the 
globulin constitutes the large part of the proteins of the pecan 
nut. It may be noted that there is no evidence either in our 


6 Dowell, C. T., and Menaul, P., J. Biol. Chem., 1921, xlvi, 437. 
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results or in those of Dowell and Menaul of the unusually high 
content of histidine or a low arginine content in pecan proteins, 
reported by Nollau,’ in an analysis published some years ago. 

In considering the nutritive value of the pecan nut, the large 
amounts of basic amimo-acids yielded by the globulin are 


significant. 
TABLE II. 


Distribution of Nitrogen in Pecan Globulin. 
After hydrolyzing 2.1727 gm. of the protein, the solution contained 
341.9 mg. of N. 


mg per cent 


Feeding Experiments. 


There is every indication from a chemical examination of the 
globulin of the pecan nut that this nut is of high biological value as 
a source of protein. It seems highly improbable that the failure 
of rats to grow, when the pecan nut furnishes the protein of their 
ration, can be attributed to an amino-acid deficiency of the diet. 

The shelled pecan is bitter and astringent because there is a 
large quantity of tannin in the outside cuticle. Ina recent study, 
Friedemann’ has shown that tannins constitute 2.57 per cent 
of the total carbohydrates of the nut, and are present in sufficient 
amounts to give a tannin content of 0.33 per cent to the whole nut. 
The astringency that this amount of tannin gives to diets made 
up in large parts of pecan nuts or pecan press-cake may render 
such rations unsuitable for rats,and we have endeavored to remove 
as much tannin as possible from the nuts before incorporating | 
them in our diets. 


7Nollau, E. H., J. Biol. Chem., 1915, xxi, 611. 
§ Friedemann, W. G., J. Am. Chem. Soc., 1920, xlii, 2286. 
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Such a color test as the ferric chloride test shows that tannins 
are present exclusively in the outer layers of the pecan kernel, 
and removal of this layer should render the nut tannin-free. The 
integument of smooth nuts, such as the almond, can be removed 
by blanching with hot water. But in the case of the pecan nut 
this procedure fails to detach the membranous skin from the 
numerous crevices of the wrinkled surface of this nut. An en- 
deavor was made to remove the outer layer by laboriously 
scraping each kernel with a knife blade. Again the irregular 
surface of the nut made it difficult to remove all the parts contain- 
ing tannin. Leaching pecan meal with water did not prove suc- 
cessful as a means of removing tannin, and the possible loss of 
proteins during the leaching made this process undesirable. 

With many fruits astringency has been successfully combated 
by the use of solutions of lye, and we have found that exposure 
of pecan nuts to hot solutions of sodium hydroxide would loosen 
the integument completely, and remove the layer containing 
tannins. Our procedure was as follows: 


Pecan halves were added to a boiling 1 per cent solution of sodium 
hydroxide and the boiling solution was stirred vigorously for a minute. 
The mass was quickly transferred to a brass screen whose mesh was large 
enough to permit the alkaline solution to pass through readily but which 
would retain the pecan halves. Without delay the nuts were washed 
several times with boiling water, once with 1 per cent hydrochloric acid 
and again with hot water. In this way the sodium hydroxide was com- 
pletely removed. When this process was carried to completion rapidly 
the solvent action of the alkali, and consequent loss of protein, was re- 
stricted to the outer layer of the nut and a white non-astringent product 
was obtained. 


The nuts, after the lye treatment, were dried, passed through 
a meat grinder, and subjected to pressure to remove enough oil 
so as to obtain a press-cake of sufficiently high protein content 
to be incorporated in a diet at an 18 per cent level. Young rats 
were fed on rations containing this pecan press-cake, butter fat, 
and inorganic salts. In addition to this diet 1 gm. of pecan nut 
was fed daily to each rat to insure an adequate supply of water- 
soluble vitamine. Cajori! has shown that this dietary essential 
is furnished in sufficient amounts for normal nutrition in rats 
by that amount of pecan nut.® 


® We are indebted to Mr. C: J. Moore of San Antonio, Texas, who kindly 
supplied us with some of the pecan nuts used in these feeding experiments. 
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As will be seen in Chart 1, the animals on this diet grew at a 
normal rate, indicating that the proteins of the pecan nut furnish 
adequate quantities of those nitrogenous complexes essential for 
growth. The weekly food intake records are given in Table III. 


180 
Chart L. 
Growth Experiments with Rats. 
a Pecan Nut ase Source of Dietary Protein. 
1 
140 
100 A. 
4 
y 20 days») 
80 7 2 
V4 a 
60 


Cuart 1. Growth of young rats on diets in which the pecan nut furnished 
the sole source of protein in the diet. The pecan nut was incorporated in 
the diet in the form of a press-cake after the tannin had been removed from 
the surface of the nut by treatment with hot sodium hydroxide. 

The composition of the pecan nut diet was as follows: 


per cent 
Pecan press-cake, 3.2 per cent 90 


* The salt mixture used is that described by Osborne, T. B., and Mendel, 
L. B., J. Biol. Chem., 1917, xxxili, 317. 


The failure of normal growth on diets containing pecan nuts 
from which the tannins have not been removed, is shown in 
Chart 2. In all respects except tannin content, these animals 
received the same diet as those whose growth is pictured in Chart 1. 
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TABLE III. 
Weekly Consumption of Pecan Nut Diet. 
Week. Rat 61. Rat 62. Rat 63. Rat 64. 
gm. gm. gm. gm. ame 
1 26 35 38 34 
2 31 34 31 34 
3 36 40) 37 39 
4 39 42 43 42 
5 43 44 44 43 
6 49 44 42 43 
7 39 47 39 44 
8 A+ 46 40 36 
9 41 42 43 39 
10 43 47 45 49 
11 41 42 
140 
Chart 2. 
Growth Experiments with Rates. 
120 &€ffect of Tannins in Pecan ut Diets. 
a 
100 


“Cy 


x 


(20 days 


Cuart 2. Failure of normal growth of young rats on diets in which the 
pecan nut furnished the sole source of protein in the diet. The tannin 
in the surface of the nut had not been removed completely before the nut 
was incorporated in the diet. 

Rats 30 and 31 received a ration containing pecan press-eake made 
from shelled pecans. 

Pecan meal was leached with water before being incorporated in the 
diet of Rats 57 and 58. 

The integument of the pecan nuts used in the ration of Rat 44 was 
partly removed by scraping each nut with a knife. 

The composition of these diets was the same as described in Chart 1. 
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The difference in growth of the two lots is a striking example of 
the effect that some distasteful or injurious substance in the food 
may have on the growth of rats. Unless the components of a 
ration are carefully scrutinized for the presence of substances 
that may render the diet unfit for the animals for which it is pre- 
pared, there is always danger of incorrectly explaining the response 
of animals to such diets. The care that must be taken in inter- 
preting the cause of failure of feeding experiments cannot be em- 
phasized too often. 


SUMMARY AND CONCLUSIONS. 


The principal protein of the pecan nut isa globulin. This globu- 
lin has been isolated and the distribution of its nitrogen deter- 
mined by the Van Slyke method. 

Normal growth has been observed in young rats whose dietary 
protein was derived from the pecan nut, indicating that the nut 
is a source of adequate protein. 

The presence of tannins in pecan diets has been shown to be a 
limiting factor for the growth of rats. 
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STUDIES ON EXPERIMENTAL RICKETS. 


IX. LESIONS IN THE BONES OF RATS SUFFERING FROM 
UNCOMPLICATED BERI-BERI. 


By P. G. SHIPLEY, 


(From the Department of Pediatrics, The Johns Hopkins University, 
Baltimore.) 


AND BE. V. McCOLLUM anp NINA SIMMONDS. 


(From the Laboratory of the Department of Chemical Hygiene, School of 
Hygiene and Public Health, The Johns Hopkins University, Baltimore.) 


PLATES 1 To 4. 


(Received for publication, October 11, 1921.) 


As far as we are aware no investigators have reported observa- 
tions on bone changes produced in animals by diets so constituted ° 
as to cause uncomplicated beri-beri or polyneuritis. 

In studying the bones of rats suffering from polyneuritis induced 
by diets deficient in the water-soluble B we were surprised to find 
that in practically all histological details they were exactly like 
those of guinea pigs suffering from uncomplicated scurvy 
induced by a diet consisting of soy beans (cooked) 60.0, casein 
10.0, wheat germ 10.0, maize 12.0, NaCl 1.0, CaCO; 2.0, butter 
fat 3.0, and cod liver oil 2.0 (Figs. 3 to 6). On this diet, which is 
complete except for the absence of the antiscorbutic substance, 
guinea pigs developed acute scurvy in about 3 weeks. When 
small amounts of orange juice or other antiscorbutic food are 
added to it they remain free from scurvy. These results were 
so unlooked for that we report preliminary observations on 
the bones of these rats. Further studies are in progress to 
determine the -limits of dietary conditions which can induce 
such changes. 

Polyneuritis was brought on in young rats by feeding a diet 
consisting essentially of purified food substances, and lacking 
(for the nutrition of the rat) only in the antineuritic substance, 
water-soluble B. The food mixture was constituted as follows: 
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Ration 3106. 
per cent 


On this diet the animals usually increased in weight during the 
first 3 weeks, then began to decline. After a few weeks (40 to 
60 days) they usually developed the symptoms characteristic of 
beri-beri, although some animals died without developing the 
acute symptoms of the disease. (See Chart 1, Lot 3106 and Figs. 
1 and 2.) 

At autopsy all the body tissues of the rats were atrophic. 
There was no deformity of the skeleton and no noticeable enlarge- 
ment of the extremities of the bones. 

The picture of these bones through the microscope was quite 
indistinguishable from that seen in the bones of guinea pigs with — 
scurvy (Figs. 3 and 4). The bones were very osteoporotic. 
One received the impression that all growth must have stopped. 
The epiphyseal cartilage was very shallow (only 4 to5 cellsin depth) 
and stained intensely with basic dyes. This was true of the cell 
bodies as well as the matrix. The cells in the narrow proliferative 
zone were very much flattened in the direction of the long axis of 
the bones. The intracellular substance of the cartilage was very 
abundant, and in the shallow zone of provisional calcification it 
was heavily infiltrated with lime salts. Here and there at in- 
tervals thick, heavily calcified rods of intracellular substance 
projected from the medullary border of the cartilage into the 
marrow cavity which was elsewhere in contact with the calcified 
provisional zone. Many of these projecting spicules of intracellular 
substance were rounded off and were capped by multinucleated 
masses of protoplasm which were apparently osteoclasts. The 
cortex of the shaft was of fair thickness and was solid and com- 
pletely calcified. The marrow contained comparatively few 
nucleated cells (leucocytes and their predecessors). The blood 
vessels of the medullary cavity were crowded with red blood cells. 
In many places the vessels had ruptured and numerous small 
and large hemorrhages were to be found, especially in the vicinity 
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of the cartilage (Fig. 5). In some bones the active bone marrow 
had been almost entirely replaced by these hemorrhages. Here 
and there at wide intervals small thick trabecule or trabecular 
remnants were to be found scattered through the hemorrhagic 
area which represents the marrow. These were completely cal- 
cified and were surrounded by an endosteum which consisted of a 
broken layer of osteoblasts, and a fine fibrillar network filled with 
mononuclear cells. 

The destruction of the marrow elements is not the result of 
hemorrhage. The hematopoietic marrow may entirely disappear 
before hemorrhage has occurred and practically no trace of it 
remains except the supporting reticulum (Fig.7). The medullary 
cavity under these conditions contains nothing but a cellular 
network of fine reticular tissue supporting numbers of thin walled 
blood vessels filled to capacity with corpuscles. 

It may very well be that the dilatation and weakening of the 
blood vessels of the marrow and their consequent solution or rup- 
ture in the bones of rats on the diet low in water-soluble B is 
analogous to the condition of the intestine described by McCarri- 
son (1). It is quite as likely that the vessel wall is directly 
affected by deprivation of water-soluble B as that the lesion is 
secondary to an affection of the nerve supply to the medullary 
vessels. The condition of the marrow is extremely interesting 
in the light of the findings of Happ,! who has studied the blood of 
rats in polyneuritis. He found that the number of red cells and the 
hemoglobin percentage was unchanged in the circulating blood. 
His animals showed, however, a marked leucopenia, with the 
white cells in one case as low as 1,800 per c. mm. (the normal white 
count for the rat is 10,000 cells per c. mm.). There was also a 
relative reduction in the number of polymorphonuclear cells and 
a marked shift to the right of Arneth’s formula. This condition 
corresponds to the blood picture in human cases of beri-beri as 
reported by Findlay (2). Taken in conjunction with the condi- 
tion of the bone marrow these findings can only indicate a markedly 
diminished hematopoiesis with abnormal conservation of the 
formed elements already in the circulation. 


‘Happ, W., personal communication. Dr. Happ’s paper on the blood 
of rats which have been fed faulty diets is in press and will be published 
shortly. 
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Rats were fed on the same diet as the guinea pigs above de- 
scribed. Their growth is illustrated by the curves in Chart 2. 
Their bones were examined after they had been restricted to this 
scorbutic diet for 19 and 105 days. On this diet female rats not 
only grew to weights of 240 gm., but produced large litters of 
young (8, 10, and 12) and successfully weaned them. The young . 
were not in an optimal condition but grew on the family diet for 
months and reached body weights of 200 gm. These results leave 
no room for doubt that the rat can dispense with water-soluble C 
provided the rest of the diet is satisfactory. 

Examination of the bones of these rats revealed no evidence of 
departure from the normal in histological structure (Fig. 8). 

The studies of McCollum and Simmonds some years ago (3) 
showed that rats may subsist and grow well for many months on 
diets free from the antiscorbutic substance, and show no evidence 
of developing scurvy. Parsons (4) showed that livers of rats long 
deprived of the antiscorbutic factor will promptly cure scorbutic 
guinea pigs. The prairie dog has also been shown to be capable 
of growth and long maintenance on a diet which will promptly 
induce scurvy in guinea pigs (5). 

The growth and state of nutrition of another group of rats re- 
stricted to this food mixture (Lot 2983, Chart 1) supplemented 
with 30 per cent of rolled oats which served to supply an abun- 
dance of water-soluble B also show that there was no known 
defect in our diet for the rat other than lack of the dietary factor 
responsible for beri-beri; 2.e., water-soluble B, Chart 1 (6). Oats 
contain neither fat-soluble A nor water-soluble C in demonstrable 
amounts. This purified food mixture supplemented with 3 per 
cent of wheat germ, or with an extract of wheat germ, is likewise 
capable of inducing growth (see Chart 3). A similar mixture of 
purified foodstuffs (with butter fat) and supplemented with 25 per 
cent of cooked navy beans also induces good growth and fertility 
in the rat (see Chart 4). It will be evident, therefore, that the rats 
on Formula 3106 were fed a diet which was complete for the rat 
except for the lack of antiberi-beri substance, water-soluble B. 

The bones of rats fed the same diet with 30 per cent of rolled 
oats were studied histologically. These revealed no lesions what- 
ever, notwithstanding the specific fasting of these rats for the 
antiscorbutic substance, water-soluble C. Tozer (7) claimed in a 
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foot-note to a paper describing the lesions in the bones of scorbutic 
guinea pigs that a deficiency of the fat-soluble A in the diets of 
these animals may cause changes “‘indistinguishable from those 
termed incipient and definite scurvy.”’ The bones of rats on 
diets low in this substance alone are osteoporotic (Chart 1, Lot 
2031). They have no changes resembling the lesions of scurvy. 
The bone marrow is quite normal and no hemorrhage or congestion 


is present. 
CONCLUSIONS. 


1. Rats fed a diet complete except for the absence of the anti- 
beri-beri factor develop lesions in the bones which are essentially 
identical with those seen in guinea pigs suffering from acute and 
uncomplicated scurvy. Rats confined to the same diet supple- 
mented with water-soluble B do not show these changes. 

2. The bones of rats on a diet which is only deficient in the 
fat-soluble A are osteoporotic but have no other resemblance to 
the bones of scorbutic animals. 


Cuart 1, Lot 3106. These rats were restricted to a diet which was 
adequate in all respects except that it lacked entirely the antineuritic 
substance, water-soluble B. The animals were unable to grow because of 
this deficiency and in many cases developed the typical symptoms of 
polyneuritis. 

The bones of these animals were not deformed as in rickets, but were 
osteoporotic and exhibited characteristic hemorrhages under the micro- 
scope. These peculiarities have been described in the text of this paper. 
They were indistinguishable from the bones of guinea pigs which were 
suffering from acute scurvy. 

Lot 2983 had a diet essentially similar in all its properties to that of the 
animals just described (Lot 3106) except that the antineuritic substance 
was added in the form of 30 per cent of rolled oats. Oats contain no anti- 
scorbutic factor and no demonstrable amount of fat-soluble A. The latter 
factor was furnished to both groups (Lots 2983 and 3106) in the form of but- 
ter fat. While the animals did not grow at the maximum rate, nor reach 
the maximum adult size, they were fairly well nourished and were fertile. 
They destroyed almost all their young soon after they were born. 

This diet, entirely free from antiscorbutic substance, but containing 
the antineuritic factor, induced the development of entirely normal bones. 
There seems to be no other interpretation warranted than that the specific 
bone changes found in Lot 3106 were due to lack of water-soluble B in the 
diet. 

Lot 2031 is included here for the sake of completeness. It contained in 
the rolled oats a sufficient amount of water-soluble B, as is shown by the 
growth and reproduction of Lot 2983. It was entirely deficient in the 
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antiscorbutic substance and, because of the omission of butter fat from 
the formula, the diet was essentially free from fat-soluble A. Since all 
the evidence supports the view that the antiscorbutic substance is dispens- 
able from the diet of the rat the diet of this group was faulty only in respect 
to lack of fat-soluble A. The addition of butter fat (fat-soluble A) makes 
the food mixture like that of Lot 2983, which was complete. 

Lack of fat-soluble A did not in these experiments induce changes in 
the bones which in any way resembled those described and attributed in 
the rat to beri-beri and in the guinea pig to scurvy. The bones were 
osteoporotic (8). With the addition of butter fat the diet became capable 
of supporting normal bone development. 

We conclude from these studies that in the rat restricted to a diet of 
purified food substances (free from all vitamines) the addition of fat- 
soluble A alone induces bone changes identical with those seen in scurvy 
in guinea pigs, whereas the addition of water-soluble B (in the absence 
of fat-soluble A) induces osteoporosis. It is further to be noted in agree- 
ment with earlier studies that diets containing satisfactory amounts of 
calcium and phosphorus do not produce rickets even when nearly free from 
fat-soluble A (8). 

Cuart 2, Lot 3168. These rats were restricted throughout the entire 
growth period and later to a diet which induces severe scurvy in the guinea 
pig within 2 to 4 weeks. Rats are, however, able to grow rapidly to the 
full adult size, exhibit the normal fertility, and rear their young with a 
low mortality rate. The second generation was able to grow to maturity 
and reproduce and rear young. There can be no question that the rat 
may be satisfactorily nourished without a supply of the antiscorbutic 
substance, water-soluble C. 

The histological picture of bone sections from these animals showed the 
normal structure. 

Cuart 3, Lot 2089. This diet was essentially comparable to that of 
Lot 3106 (Chart 1) except that it contained water-soluble B derived from 
the alcoholic extract of 10 gm. of wheat germ per 100 gm. of ration. This 
induced essentially normal growth, although the animals remained some- 
what undersized. These animals were produced some years ago in our 
laboratory and their bones were not examined. We know, however, that 
rats which were able to grow as well as these did would have bones with no 
serious defects. 

Lot 2088 was fed a diet of purified food substances completed qualita- 
tively by the addition of fat-soluble A and water-soluble B in 4 per cent of 
butter fat and 3 per cent of wheat germ respectively. Fair growth was 
possible and one female had three litters of young. 

Cuart 4, Lot 696. These rats were fed a diet derived in great measure 
of purified food substances, but supplemented with water-soluble B in 
the form of 25 per cent of cooked navy beans, and fat-soluble A in 5 per 
cent of butter fat. This diet contained no antiscorbutic substance, yet 
young rats were able to grow rapidly to full adult size when restricted to 
it. Even the second generation of rats on this diet grew fairly well. 
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These several groups of growth curves of rats are presented in order to 
illustrate how effectively a diet of purified food substances can be sup- 
plemented by means of additions which do not contain demonstrable 
amounts of the antiscorbutic substance. They form a complete demon- 
stration of the fact that the bone changes induced in those rats which 
were selectively fasted for water-soluble B only were due to lack of this 
dietary essential. 

It has been pointed out by Vedder (9), Hess (10), and others, that there 
are similar nervous manifestations and pathological changes in the heart 
in human cases of scurvy and beri-beri. Unfortunately, one cannot place 
much confidence in the description of these diseases as they occur in man, 
for an examination of the diets on which people develop either of these 
diseases makes it practically certain that beri-beri scarcely ever occurs 
except in an individual who is a border-line case of scurvy. Scurvy doubt- 
less has, however, occurred many times without complication with beri- 
beri. We have no assurance that any description of histological studies 
of any human tissues were made on subjects suffering from one of these 
diseases uncomplicated with the other. 

Nevertheless there is an added interest, in the repeated statements of 
others that there are lesions in beri-beri and scurvy which are common 
to the two diseases. Our observations show that the histological changes 
in the bones of rats suffering from uncomplicated beri-beri are apparently 
identical with those seen in the guinea pig suffering from uncomplicated 


scurvy. 
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EXPLANATION OF PLATES. 


PLATE 1. 


Figs. 1 and 2. This rat was in a condition of polyneuritis induced by 
feeding Diet 3106 for 70 days. Fig. 1 shows the animal rising to his feet 
from the spread-eagle posture assumed during rest in a ventral position 
(Fig. 2). Note the spasticity and the extreme extension and abduction of 
all four extremities, the extension of the digits, and the roughness of the 
coat. 

PLATE 2. 


Fic. 3. Section of a long bone from a guinea pig with acute scurvy. 
The bone is well calcified throughout but is extremely osteoporotic. The 
marrow cavity shows numerous hemorrhages. H = areas of hemorrhage. 
Leitz microsummar. 35 mm. objective. No ocular. 

Fic. 4. Long bone of a rat killed during an attack of polyneuritis. 
This bone was osteoporotic and the hematopoietic marrow was almost 
entirely replaced by hemorrhage. H = areas of hemorrhage. Same mag- 
nification as Fig. 3. | 

PuaTE 3. 


Fic. 5. High power picture of the marrow cavity of the bone shown in 
Fig. 3 to show the hemorrhagic marrow. H = areas of hemorrhage. 
Leitz objective No. 6. No ocular. 

Fic. 6. To show the replacement of the bone marrow by hemorrhages 
during polyneuritis. H = hemorrhage. Magnification as in Fig. 5. 


PLATE 4. 


Fic. 7. Bone marrow of a polyneuritic animal during the congestion 
stage before hemorrhage has occurred. The marrow consists only of 
reticular tissue supporting widely dilated congested blood vessels. 
M = marrow. Same magnification as in Fig. 5. 

Fig. 8. To show the bone of a rat which was fed on the diet which we 
used to induce scurvy in our guinea pigs. This bone is quite normal. 
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AMMONIA EXCRETION FOLLOWING EXPERIMENTAL 
ADMINISTRATION OF ACIDS VIA THE STOMACH 
AND PERIPHERAL VEIN. 


By ROBERT W. KEETON. 


(From the Otho S. A. Sprague Memorial Institute, Laboratory of Clinical 
Research, Rush Medical College, Chicago.) 


(Received for publication, October 1, 1921.) 


The type of acidosis which attains its highest expression in 
diabetes is, as is well known, very frequently attended by a marked 
increase in the excretion of ammonia in the urine. The acids in 
this case (6-hydroxybutyric and acetoacetic) are in part neutral- 
ized by the organic basic ammonium. Yet the phenomenon of 
neutralization by ammonium is not constant in the other types of 
acidosis in man. It appears to play relatively a small part in the 
acidosis of uremia (1), even when this attains an extreme degree, 
and it is missed in some of the other types of spontaneous acidosis, 
which have been observed in man. On the other hand, the feed- 
ing of dilute mineral acids (2, 3) to man, if in sufficient quantity, 
leads consistently to increased excretions of ammonia in the urine 
comparable to those seen in the diabetic type of acidosis. How- 
ever, if a man, who is excreting increased quantities of ammonia, 
either as an incident in the course of a spontaneous diabetic acidosis 
or as the result of an alimentary administration of an acid such 
as hydrochloric, be given a sufficient quantity of bicarbonate of 
sodium (4), the increased excretion of ammonia is depressed or 
wholly annulled. The administration of the stronger base results 
in the displacement of the excess of ammonia from the urine, and 
it would not seem irrational to compare the phenomenon with 
that which occurs in the test-tube, when sodium bicarbonate, 
magnesium oxide, or calcium oxide, are added to a watery solu- 
tion of ammonium chloride, acetoacetate, 6-hydroxybutyrate, 
or the like with the liberation of free ammonia and the formation 
of a new salt of the base employed. In the body such a release 
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of ammonia from its salts (or the prevention of its union with 
acids) by the action of a stronger base could be conceived as 
leading simply to some other disposition of the ammonium radicles 
displaced or spared from combination with acids. They might 
then, for example, enter into the synthesis of urea. 

Although the phenomenon of neutralization of acids by ammonia 
has long attracted interest and has been spoken of by some writers 
(5) as one of the important compensatory mechanisms by which the 
body may protect itself against inroads of acid, it is a noteworthy 
fact, that it is not a mechanism which is called into play consist- 
ently by the human organism under all conditions, in which it 
might be supposed in reason that every available means of pro-. 
tection should be employed. A patient may die of acid intoxi- 
cation developing in the course of a pyelonephritis without ever 
having called on this resource to a noticeable degree. In man the 
classical examples of neutralization of acids by ammonia are 
afforded in acidosis of the diabetic type. It has been reported 
in clinical methyl alcohol poisoning (6) which, however, under 
experimental conditions (7) may not always be associated with 
an acidosis. It is also said to develop in the acidosis of cholera 
(1) and it has been shown to occur in connection with certain of 
the diarrheal diseases of children, which in some cases, resemble 
closely the acidosis of diabetes. The two chief conditions, how- 
ever, in which the phenomenon is known to occur regularly are 
those mentioned. Moreover, this type of acidosis associated 
with increased ammonia output is not seen in all types of animals 
but occurs most readily in man and the carnivorous animals, 
and only to a lesser extent in the herbivorous animals. These 
considerations suggest that the neutralization of acids by ammo- 
nium is not a mechanism of universal significance in the whole 
problem of neutrality regulation by living cells, but that it 1s 
rather a special phenomenon which only occurs under certain 
conditions. 

It has been pointed out by others (8) that, in discussing observed 
variations in the excretion of acetone bodies in the urine, it is 
pertinent to consider the question of where the acetone bodies are 
formed. Well known evidence afforded by liver perfusion experi- 
ments, favors the view, that the liver, of all the organs, may be 
regarded as the largest single producer of the acetone bodies. The 
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liver is also commonly recognized as an organ in which the total 
traffic in NHe groups is greater than in any single tissue, even 
though the function of deamination and the synthesis of urea 
were performed to some extent elsewhere as well.! With its 
deaminizing and urea-forming function it must be considered that 
the liver is preeminent in respect to the total quantity of ammonia 
equivalents that it normally handles in the course of the day. 
It is generally accepted that the ammonia which in acidosis 
appears in the urine in the form of salts of acids represents basic 
nitrogenous material, which normally would be excreted for the 
most part in the form of urea. Also acids, which are formed and 
liberated in this organ which conducts the heaviest traffic in 
ammonia or its equivalents, are generated in a part of the body 
where the chances for neutralization by ammonia should be 
exceptionally favorable. 

If it be granted that the phenomenon of neutralization of acids 
by ammonium has been observed with the greatest consistency 
and in the highest degree in two conditions: (a) a type of acidosis 
in which the acids are largely hepatogenous in origin, and (b) a 
type following the administration of acids—but that the phenome- 
non is found to be less marked or entirely absent in other types of 
acidosis the question would arise. as to why the ingestion of 
acid should produce an effect like that of one type of acidosis 
and unlike that of the other types. Could this mean that in order 
to be neutralized to the highest degree by ammonium the free 
acids involved must be formed within or be introduced into the 
liver? 

In reviewing the literature one is struck by the fact that those 
who have observed increased excretion of ammonia following the 


administration of acids have almost without exception given the. 


acid by the alimentary route. Winterberg (10) injected rabbits 
subcutaneously (two experiments) with 0.25 N acid and found the 
ammonia, sodium, and potassium content of the urine greatly 


1 Stadie and Van Slyke (9) in their study of a case of acute yellow atrophy 
have recently concluded that the réle of the liver in these processes cannot 
be assumed in its entirety by the rest of the body. Only in patho- 
logical conditions, which are associated with almost complete destruction 
of the liver tissue, does the organism fail to metabolize in a normal fashion 
the amino-acids even though they be presented in high concentrations. 
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increased. The total nitrogen was not correspondingly increased. 
But one of these animals died at the end of 24 hours and with the 
other the experiment was discontinued in about the same time. 
These two isolated experiments would scarcely seem sufficient to 
settle the point. One would have to consider that the local de- 
structive effect on the tissues of an amount of 0.25 N acid sufficient 
to cause death in 24 hours is not to be neglected. Whereas, the 
literature contains other reports (11, 12, 13) concerning the injec- 
tion of acids by vein we have not found any in which the behavior 
of the urinary ammonia was recorded. 

The experiments to be described were undertaken for the 
specific purpose of comparing the relative effects on the ammonia 
excretion in the urine of acid administration by the alimen- 
tary route and by the peripheral vein. Alimentary -adminis- 
trations should subject the liver to the effects of a relatively large 
quantity of free acid, while the latter would afford opportunity 
for the neutralization of more of the acid in the blood or tissues 
outside of the liver. 


EXPERIMENTAL. 
Methods. 


Female dogs of approximately 16 kilos body weight were used. 
They were fed a constant diet, consisting of milk 100 to 200 cc., 
bread 50 to 100 gm., sodium acetate 0.5 gm. twice daily at 6.30 
a.m. and p.m. To the morning feeding 100 cc. of physiological 
salt solution were added, which served to keep the volume of liquids 
the same in the experimental and the control periods. The 
sodium acetate was given to promote uniform elimination. Col- 
lections of urine were made twice daily by catheterization and irri- 
gation of the bladder. The cages were scrubbed and disinfected 
every 12 hours to prevent decomposition of occasional specimens 
passed spontaneously. ‘This procedure gave consistent ammonia 
values. The urines were placed on ice without preservatives, 
the ammonia and total nitrogen being estimated shortly after the 
closure of the 24 hour period. } 

The ammonia was estimated by means of formalin titration 
(Ronchese and Malfatti) as described by Wiechowski (14). The 
urine was well diluted and the titration was carried to the first 
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permanent pink. This method was checked with Folin’s (15) 
aeration method. The practical agreement of the methods for 
present purposes is shown in the following protocol. 


Formalin titration. Folin method. 
0.30 0.27 
0.25 0.25 
0.37 0.37 


180 ce. of 0.1 n HCl by stomach. 


0.41 0.41 
0.46 0.44 
0.39 0.39 
0.37 0.38 
0.42 Not estimated. 


250 cc. of 0.1 N HCl by vein. 


0.46 0.45 
0.51 0.51 

0.52 Not estimated. 
0.33 0.33 

0.49 0.48 
0.44 0.42 


The total nitrogen was estimated by the Kjeldahl method, the 
creatinine according to Folin (15). 

On the morning of the experiment the salt solution was omitted 
from the diet. The acid was then administered either by stomach 
tube or into the leg vein. For the latter a cannula was inserted 
into the vein under local anesthesia, and the acid was introduced 
by gravity throughout the period of 1 hour. 

Experiments.—Five animals were used in the studies, and seven 
complete (gastric and intravenous administration) experiments 
made, but the protocols of only two animals are reported in detail. 
Dog 2 died during the course of the intravenous injection, the time 
of which was shortened from 1 hour to 30 minutes. Dog 3 was 
a young, highly irritable animal, which never gave consistent 
results during the control period. However, the results in this 
case were in keeping with those reported. ‘The dose of acid in- 
jected into Dog 4 proved to be too toxic, so that at the end of 24 
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hours food was refused, the nose was hot, and the quantity of 
urine was much reduced. However, the output of ammonia and 
total nitrogen during the first 24 hours was the same as for the 
day preceding the experiment, in agreement with the findings to 
be reported in detail. On the succeeding days the total nitrogen 


| 
hy stomach |_| Yo hy vein 
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Cuart 1. Changes in nitrogen excretion after acid administration in 
Dog 1. 

In the ordinates of Charts 1 to 4 are expressed the values of total and 
ammonia nitrogen in grams, the latter multiplied by 10. In the abscisse 
two spaces represent 12 hours. Record covers 48 hours before and after 
experiment. 
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Cuart 2. Changes in nitrogen excretion after acid administration in 
Dog 1. 


fell slightly below normal, but the ammonia increased. The 
results of the experiments on Dogs 1 and 5 are presented in the 
charts. In Charts 1 to 4 the quantitative output of ammonia 
nitrogen and the total nitrogen, expressed in grams, are plotted 
for 48 hours before and after the experimental periods. Chart 5 
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shows the complete record of Dog 1 through two consecutive 
experiments. The nitrogen values here are expressed in 24 hour 
intervals. The figures from which the charts were compiled are 
to be found in Tables I to V, Chart 1 corresponding to Table I, ete. 
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Cuart 3. Changes in nitrogen excretion after acid administration in 
Dog 5. 
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Cuart 4. Changes in nitrogen excretion after acid administration in 
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CuartT 5. Changes in nitrogen excretion following successive acid 


administrations in Dog 1. 

In the ordinates of Chart 5 are expressed the values of total and ammonia 
nitrogen in grams, the latter multiplied by 10. In the abscisse two spaces 
represent 24 hours. All of the time (11 days) which — in the course 
of the experiment is represented in the chart. 


Ammonia Excretion Following Administration of Acid by Stom- 
ach.—These graphs show clearly an absolute increase in the 
ammonia nitrogen without changes in the total nitrogen. In 
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other words, some of the nitrogen which normally appeared in 
the urine in other forms (e.g., urea) has been diverted to the 
neutralization of the acid and now appears as ammonia in the 
urine. This simply confirms commonly accepted facts. 
Ammonia Excretion Following Administration of Acid Intra- 
venously.—The curve of total nitrogen gradually rises. The sud- 
denness of the rise appears to depend within limits on the quantity 


TABLE I. 
Changes in Nitrogen Excretion after Acid Administration in Dog 1. 
Nitrogen excretion per 12 hrs. 
Date. 
Total. In ammonia. 
1921 gm. gm 
Jan. 18, p.m. 2.86 0.17 
“19, a.m. 2.43 0.17 
“ 19, p.m 2.71 0.14 
20, a.m. 2.35 0.16 
. Gastric administration 125 cc. of 0.1 n HCl. 
«¢ 20, p.m 2.93 0.30 
“ 21, a.m 2.64 0.20 
“< 21, p.m 3.03 0.16 
22, a.m 2.70 0.15 
Jan. 24, p.m. 2.97 0.17 
“< 25, a.m. 3.03 0.18 
“25, _p.m. 2.51 0.16 
“26, a.m. 2.46 0.15 
Ree Intravenous administration 125 cc. of 0.1 n HCl. 
“« 26, p.m. 2.79 0.19 
“27, a.m. 4.14 0.29 
“< 27, p.m. 3.25 0.13 
a.m. 3.06 0.21 


of acid given. The ammonia nitrogen follows closely, so that the 
percentage relationships between ammonia nitrogen and total 
nitrogen are fairly maintained. This is interpreted to mean that 
there is a definite toxic destruction of protein induced by the 
acid injection. The results of these experiments differ from the 
foregoing in the maintenance of a practically normal percentage 
of ammonia nitrogen, which suggest simply an acceleration of 
normal proteolysis. 


R. W. Keeton | 419 


Comparison.—Tables VI and VII contrast the reactions of the 
body to acid administration by different routes. The values of 
total and ammonia nitrogen actually excreted are found in Col- 
umns a and b. The first reading of each column in the various 
experiments gives the excretion during the control period, the 
second figure, the excretion during the experimental period (24 
hours following acid administration). To secure the values for 


TABLE II. 
Changes in Nitrogen Excretion after Acid Administration in Dog 1. 


Nitrogen excretion per 12 hrs. 
Date. 
Total. In ammonia. 
1929 gm gm 

Dec. 8, p.m. 2.38 0.13 

9, a.m. 2.36 0.15 

“9, p.m 2.16 0.11 

“10, a.m. 2.33 0.14 

+ ao Gastric administration 200 cc. of 0.1 Nn HCl. 

“10, p.m. 2.21 0.20 

“11, a.m 2.19 0.17 

“ 11, p.m 1.97 0.12 

“12, a.m 2.08 0.13 
Dec. 12, p.m 1.92 0.11 

“13, a.m 1.99 0.13 

“ 13, p.m 1.93 0.10 

“ 14, a.m. 1.96 0.11 

? Intravenous administration 200 cc. of 0.1 N HCl. 

“14, p.m 2.85 0.09 

“ 15, a.m 2.72 0.13 

“15, p.m 3.36 0.20 

“ 16, a.m 2.56 0.11 


the control period the excretions of total and ammonia nitrogen 
were averaged for three 24 hour intervals preceding the experi- 
ment. It has been assumed for the purposes of this tabulation 
that the ratio of ammonia nitrogen to total nitrogen, established - 
in the control period (Column c), was maintained into the acid 
period except in so far as it was changed by the formation of 
ammonium salts. That such an assumption can be made 
without undue violence is seen by reference to preceding data and 
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discussion. For it was pointed out that the gastric administration 
of the acid was without effect on the total nitrogen, and that in 
the administration by peripheral vein, the results suggest an 
acceleration of normal proteolysis. The ammonia nitrogen then, 
which is to be expected on such a basis, can be deduced by multi- 
plying this ratio by the total nitrogen actually excreted after acid 
administration. Such a value is shown in Column d. The dif- 


TABLE III. 
Changes in Nitrogen Excretion after Acid Administration in Dog 6. 


Nitrogen excretion per 12 hrs. 
Date. 
Total. In ammonia. 
1921 gm gm 

Mar. 1, p.m. 2.14 0.12 

2, a.m. 1.93 0.09 

2, p.m. 2.12 0.14 

2.34 0.17 

Wey Gastric administration 180 ce. of 0.1 HCl. 

4, a.m 2.30 0.13 

2.53 0.18 

vi 5, a.m 2.51 0.20 
Feb. 14, p.m. 2.44 0.11 

“15, a.m. 1.91 0.12 

“« 15, p.m 1.97 0.12 

«16, a.m 1.99 0.10 

= Intravenous administration 180 cc. of 0.1 N HCl. 

“16, p.m 2.86 0.19 

“ 17, p.m 2.78 0.11 

“« 18, a.m 2.67 0.16 


ference between this value and the quantity actually excreted 
(Column b) would indicate the quantity of ammonia concerned 
in the neutralization of the acid administered. This value has 
been expressed in cc. of 0.1 N NH,OH and denominated ‘ Extra 
ammonia. ”’ 

It is obvious from the tables that a much larger quantity of the 
acid administered by the gastrointestinal route can be accounted 
for as “‘ Extra ammonia,” than of that given by the peripheral 


— 


Changes tn Nitrogen Excretion after Acid Administration in Dog 6. 


R. W. Keeton 


TABLE IV. 


421 


Nitrogen excretion per 12 hrs. 


Date. 
Total. In ammonia. 
3 1921 gm. gm. 
Apr. 3, p.m 2.14 0.09 
- 4, a.m 2.07 0.14 
“4, p.m 2.18 0.08 
2.35 0.13 
Gastric administration 250 ec. of 0.1 HCl. 
“ 5, p.m 2.41 0.22 
“ 6, a.m 2.12 0.18 
“6, p.m 2.29 0.12 
” 7, a.m 2.09 0.09 
Mar. 8, p.m 1.82 0.14 
™ 9, a.m 2.20 0.16 
“9, p.m 2.37 0.18 
“ 10, a.m 2.67 0.17 
a Intravenous administration 250 ec. of 0.1 N HCl. 
p.m 2.94 0.18 
“11, a.m 3.30 0.20 
“11, p.m 2.89 0.24 
Bum 2.94 0.18 
TABLE V. 
Changes in Nitrogen Excretion Following Successive Acid Administrations 
in Dog 1. 
Nitrogen excretion per 12 hrs. 
Date 
Total. In ammonia. 
1420 gm. gm. 
Dee. 7-8 4.75 0.28 
S- 9 4.74 0.29 
9-10 4.49 0.25 
“10, a.m Gastric administration 200 ec. of 0.1 nN HCI. 
“ 10-11 4.40 0.36 
“ 11-12 4.05 0.25 
“« 12-13 3.91 0.24 
“13-14 3.89 0.21 
“14, a.m. Intravenous administration 200 ec. of 0.1 N HCI. 
“14-15 5.57 0.22 | 
“15-16 5.92 0.30 
“ 16-17 5.06 0.31 
“17-18 4.30 0.28 
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TABLE VI. 


Quantity of Acid Excreted in the Form of Ammonium Salts in the 24 Hour 
Urine before and after the Administration of Hydrochloric Acid by the 


Gastric and Intravenous Routes. 


(Dog 1, female mongrel, weight 16.17 kilos.) 


Remarks. 


24 hr. control (aver- 
age of 3 days). 

24 hr. period following 
acid. 


24 hr. control (aver- 
age of 3 days). 

24 hr. period following 
acid. 


24 hr. control (aver- 
age of 3 days). 

24 hr. period following 
acid. 


24 hr. control (aver- 
age of 3 days). 

24 hr. period following 
acid. 


0.1 N acid given. N 
°° Extra 
a b c d 
ce. gm. | gm. gm. cc. 
5.43) 0.32.0 
1 
125 | Gastric. | 5.57) 0.50 0.32; 128 
4.66, 0.27,0.058 
2 
200 | Gastric. | 4.40, 0.36 0.25) 79 
5.63 0.33'0.058 
3 
125 | By vein. | 6.93) 0.42 0.40) 14 
3.95) 0.230.058) 
4 
200 | By vein. | 5.57) 0.22 0.32) 0 
0.33,0.060 
5 
200 | By vein. | 6.94) 0.32 0.42 0 


24 hr. control (aver- 
age of 3 days). 

24 hr. period following 
acid. 


* The grams of ammonia N which would be excreted if the ratio of ammo- 
nia nitrogen to total nitrogen remained the same as in the control period. 

t Calculated as the absolute quantity excreted (Column b) minus 
the above (Column d) and converted into terms of cc. of 0.1 N NH, for 
comparison with the quantity of 0.1 N acid given. 
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vein. It is also noted that following gastrointestinal adminis- 
tration by no means all of the acid given can be recovered in the 


TABLE VII. 
Quantity of Acid Excreted in the Form of Ammonium Salts in the 24 Hour 
Urine before and after the Administration of Hydrochloric Acid by the 
Gastric and Intravenous Routes. 


(Dog 5, female bull, weight 17.8 kilos.) 


0.1. acid given. 
3 ate “as 0.1 Np Remarks, 
< 
3 $ e|f&lele 
a b c d 
ce gm. gm. gm. ce. 
4.41) 0.25'0.057 24 hr. control (aver- 
1 age of 3 days). 
180 | Gastric. | 4.72) 0.34 0.27; 50 24 hr. period following 
acid. 
4.35) 0.250.057 24 hr. control (aver- 
2 age of 3 days). 
250 | Gastric. | 4.53) 0.41 0.26; 107 24 hr. period following 
acid. 
4.10} 0.210.051 24 hr. control (aver- 
3 age of 3 days). 
180 | By vein. | 5.71) 0.30 0.29 7 24 hr. period following 
acid. 
4.73) 0.32,0.067 24 hr. control (aver- 
4 age of 3 days). 
250 | By vein. | 6.24, 0.38 0.42 0 24 hr. period following 
acid. 


* The grams of ammonia N which would be excreted if the ratio of ammo- 
nia nitrogen to total nitrogen remained the same as in the control period. 

t Calculated as the absolute quantity excreted (Column b) minus the 
above (Column d) and converted into terms of cc. of 0.1 N NH, for compari- 
son with the quantity of 0.1 N acid given. 


form of ammonia. This agrees well with the recent report of 
Stehle and McCarty (3), who found that even with the estimation 
of all the bases in the urine and the increased H ion concentration 
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they were able in two cases (man) to account for only 96 and 61 
per cent, respectively, of the acid administered. 

Creatinine Excretion—The creatinine excretion was followed 
in the ease of Dog 5 after the administration of 180 ec. of 0.1 x 
HC! by mouth and 250 ee. of 0.1 nN HCl by vein. The variations 
were so slight as to be within the range of experimental error. 
We may conclude then that these procedures were without effect 
on the output of creatine, at least, in this particular animal. 


DISCUSSION. 


The experiments confirm the well known observation that the 
administration of acid by the alimentary route to dogs leads toa 
definite increase in the absolute quantity of ammonia and the 
quantity relative to the total nitrogen excreted in 24 hours. These 
increases always took place within the first 24 hours following 
the acid administration and subsided thereafter. When the same 
quantity of the same acid was administered to the same dog by 
the peripheral intravenous route there was as a rule an increase 
in the total output of ammonia. However, these increases were 
smaller in degree than those following the alimentary adminis- 
tration, they tended to occur later, and were invariably associated 
with an increase in the total nitrogen output, so that the ratios 
of the ammonia nitrogen to the total nitrogen were relatively 
little affected. Comparing the effects of the alimentary and 
intravenous administrations of acid, the former were characterized 
by an increase of the ammonia nitrogen with relatively little 
increase in total nitrogen. When there was an increase in the 
total nitrogen at all it was late (3 to 4 days) and never pronounced. 
In the case of the intravenous injections, the total nitrogen was 
always increased more and earlier, than in the case of the ali- 
mentary administrations. Indeed the speed of the onset of this 
rise seemed to be determined (within limits) largely by the quan- 
tity of acid administered. The total ammonia output then rose 
correspondingly, but there was little or no evidence of a shift in the 
nitrogen partition. These results indicate that when the acid 
enters the body via the portal route more of it is neutralized by 
ammonium than when it enters otherwise. 

These results are at variance with those reported by Winterberg 
(10) to which previous reference has been made. He found that 
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the ammonia nitrogen was increased without a corresponding 
increase in the total nitrogen, when rabbits (two experiments) 
were injected subcutaneousiy with 0.25 N acid. The cause of this 
discrepancy has not been investigated in detail, but as stated 
above one must consider that the local destructive action on the 
tissues of a mass of acid, sufficient to cause death in a rabbit at 
the end of 24 hours, is not to be neglected. That such a result 
as he obtained may be associated with the use of extremely toxic 
or lethal doses of acid is indicated in our findings in Dog 4. The 
complete details of the experiment are not reported since the 
animal refused food and showed other signs of profound intoxi- 
cation. In this case there was no increase in either the total 
nitrogen or the ammonia nitrogen during the first 24 hours, before 
the signs of intoxication were manifested and while the animal 
was still eating. During the 3 succeeding days, with the estab- 
lishment of these signs of intoxication the ammonia nitrogen in- 
creased while the total nitrogen did not increase correspondingly. 
Finally it must be stated that he was using rabbits while our 
experiments were conducted upon dogs. 

The experiments seem to lend color to the idea developed in 
the introduction, that neutralization of acids by ammonium may 
be more in the nature of a localized (hepatic) function than any 
universal function of the body that is called upon to combat acids 
in general. It is suggested that when free acids are formed in the 
liver or are introduced into the liver, and must unite with bases, 
that in this particular place a larger percentage of the acids will 
unite with ammonia than will do so when the neutralization takes 
place elsewhere. Acids must be neutralized by bases that are avail- 
able at the site of their neutralization. This would imply that in 
the liver there is ammonium available for the neutralization of acids. 
The fact that Gad-Andresen (16) and others have shown that the 
ammonia content of the liver tissue by analysis is not different 
from that of the heart, muscle, or fat is no argument against this 
view. For we are here speaking of a moving traffic in ammonia 
equivalents and not of a cross-section of this traffic at any one time, 
such as these estimations present. 

Such a view would imply that, when endogenous acid appears 
in the urine in large quantities combined with ammonium, the 
acids may have been formed chiefly in the liver. Thus diabetes 
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with its supply of acetone bodies arising chiefly in the liver, presents 
the classical case of acidosis with large ammonia output. The 
diarrheas of Asiatic cholera and (less constantly) of infancy with 
their increased ammonia could be viewed as developing their 
acids in the portal circuit. Nephritis with its acidosis would then 
become a disease in which the acids concerned are not hepatogenous 
in origin, but in which some other principal site or sites of acid 
formation should be sought. This is not out of harmony with 
the view that the acidosis of nephritis is due wholly or in part to 
delayed excretion of acids formed in the body at large. A 
pathological condition in which the ammonia excretion is in- 
creased without a corresponding acidosis would be a condition 
having no direct interest in the present discussion. 


CONCLUSIONS. 


1. Administration of 0.1 nN HCl by stomach tube to dogs causes 
an absolute increase in the ammonia nitrogen excreted in the urine, 
while the total nitrogen remains practically constant. 

2. Intravenous administration of the same dose of acid to the 
same animal causes an increase in excretion of both ammonia and 
total nitrogen, but the normal ratio between these is fairly well 
maintained. 

3. Alimentary administration of acid is associated with a shift 
in the nitrogen partition towards the ammonia fraction. Such a 
shift in nitrogen partition is absent following intravenous injec- 
tions, if the dose of acid be not too toxic. 
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THE COMPOSITION OF CHINESE EDIBLE BIRDS’ NESTS 
AND THE NATURE OF THEIR PROTEINS.* 


By CHI CHE WANG. 


(From the Nelson Morris Institute for Medical Research, Michael Reese 
Hospital, Chicago.) 


(Received for publication, September 26, 1921.) 
Appearance and Origin. 


The edible birds’ nests are gelatinous substances produced by certain 
swifts, the Collacalia, natives of Malaya (1) and Ceylon. The nests, 
constructed in caves on the seashore, are collected while they are still 
moist and made into various shapes. The lowest grade is sold in the form 
of coarse powder. The higher the grade, the whiter the color and fewer 
the feathers and twigs. Owing to their high price, their-use is limited to a 
delicacy at the feasts of the wealthy and a food for convalescents and the 
aged. 

The source from which the birds make the nests has been uncertain. 


Green (2) gives three suggestions: in the alga found in caves where the 


swifts make their nests, fish spawn, or a secretion from the swifts them- 
selves. The algx theory is disproved by the lack of vegetable cells shown 
by microscopic examination of the nests. The secretion theory is believed 
by most of the natives and has the support of Home (3) and Bernstein (4). 
The latter author found in the birds two large salivary glands which se- 
creted much viscous mucus. The observation given in this paper shows 
that the nests consist largely of a mucin-like substance and, therefore, is 
in accord with the latter hypothesis. 


Review of Literature. 


The literature on the subject is limited. Descriptive statements con- 
cerning chiefly the occurrence and appearance of the nest may be found in 
Encyclopedias, China year books, and some semiscientific articles written 
during the early part of the 19th century. Green (2) and Krukenberg (5) 
are the first to give a report of a scientific study of the nest. Their work 


* The work reported in this article was conducted at the Nutrition 
Laboratory, Department of Home Economics, University of Chicago. It 
forms part of the thesis submitted in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy in the University of Chicago. 
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covers the solubilities, the response to protein tests, and some observa- 
tions on hydrolysis products. Their results prove that the birds’ nest 
contains both the carbohydrate and the protein radicle, belonging to the 
class of mucin-like substances, the glycoproteins. 


Scope of the Present Work. 


The present work covers the study of the general properties, 
the chemical composition, the artificial digestion, the carbohy- 
drate radicle, and the biological value of the proteins. Compari- 
son is made with other work on mucin, especially Lothrop’s, 
Miiller’s, and Levene’s. 


The material used for this work was supplied by the Hoo Loong Edible 
Birds’ Nest Store, Chicago, which imported it directly from China. It 
was of the highest grade, having somewhat the appearance of agar-agar, 
but it was extremely crisp and had tiny feathers interwoven with the 
mucilaginous material. For quantitative analysis, the material was 
ground and sifted. On sifting, most of the feathers cling together and 
may be removed, but some go through the sieve so that it is difficult to 
obtain a pure sample. 


General. Properties. 


A sample boiled in distilled water for 3 hours and left there for 
several days, swells like a piece of sponge, but shows no tendency 
to dissolve. The filtrate responds to neither protein nor carbo- 
hydrate tests. 5 per cent sodium hydroxide dissolves it on 
standing 2 hours in the cold. The colorless solution responds to 
Millon’s, the biuret, xanthoproteic, and Hopkins-Cole tests. The 
last reaction shows only faintly. It also has a slight reducing 
power with Fehling’s reagent. A dilute acid, such as 3 per cent 
hydrochloric acid, dissolves the birds’ nests only on heating. The 
solution acquires a purplish brown color, gives both protein and 
carbohydrate tests, and has a strong reducing action. 

So far the properties agree with those reported by Green (2) 
in every respect except that he found the nest insoluble in dilute 
sodium hydroxide in the cold. They also agree with the commonly 
recognized properties of mucin. 


| 
| 
| 
3 
F 
if 
if 
{7 
4 

i 
if 
if 


C. C. Wang 431 


Chemical Analysis. 


Samples between 1.5 to 2 gm. were taken for the determination 
of moisture and ash. Neumann’s method given in Mathews (6) 
was used for the estimation of phosphorus, and Denis’s method 
(7) for that of sulfur. An attempt was made to determine the 
ether-soluble substance, but the results were too small to be of 
significance, only 0.3 per cent. The estimation of total nitrogen 
by the Kjeldahl-Gunning method was made on samples treated 
in three different ways: (1) original birds’ nest, (2) ground birds’ 
nest with feathers partially removed, and (3) a sample hydro- 


TABLE I. , 
Chemical Composition of Chinese Edible Birds’ Nests. 
Ash. Total nitrogen. 
| 
a o 
No. Mois phorus,| Sulfur. | 
2/3 - 2 
al 
per cent | per cent | per cent | per cent | per cent | per cent | per cent | per cent | per cent 
1 11.88) 0.75 | 1.74 | 2.49 | 0.035) 1.10 | 8.81 | 9.16 | 10.57 
2 11.41] 0.74 | 1.80 | 2.54 | 0.034) 1.10 | 8.75 | 9.14 | 10.24 
3 11.52) 0.74 | 1.78 | 2.52 10.33 
4 10.31 


Average....| 11.60} 0.74 | 1.77 | 2.51 | 0.035) 1.10 | 8.78 | 9.15 | 10.29 


lyzed for 133 hours in 20 per cent hydrochloric acid. Results are 
given in Table I. 

The total ash, 2.51, is almost seven times as high as that of 
submaxillary mucin, 0.37 per cent, reported by Lothrop (8). 
This high percentage of ash shows that the birds’ nest is not a 
pure mucin, but more probably dried saliva. Of the total ash 
29.48 per cent is insoluble in water, but none insoluble in acid. 
Hence no sandy material is present. 

The sulfur content, 1.10 per cent, is in agreement with the 
figures given by Miiller (9) for salivary mucin, 1.40 per cent, but 
it is higher than that reported by Lothrop (8), 0.55 per cent. The 
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discrepancy may be due to the different methods used or in case 
of birds’ nests, the presence of feathers. The phosphorus, 0.035 
per cent, is too small to be of any significance. 

The different values for nitrogen found in birds’ nests treated 
in three different ways may be explained by the variation in the 
feathers present. The original sample containing the most 
feathers, had the lowest figure, 8.78 per cent, while that hydrolyzed 
with the least feathers, the highest or 10.29 per cent. The ground 
and sifted sample gave 9.15 per cent. Some feathers were re- 
moved during grinding and sifting, but more of them separated 
out by clinging to the walls of the vessel on hydrolysis. They 
could then be easily removed. The percentage of nitrogen of the 
hydrolyzed material, 10.29, agrees with the value given by Miiller 
(9) for salivary mucin, 10.70 for total nitrogen, but it is lower 
than that reported by Lothrop (8), 12.49 per cent. 


Artificial Digestion. 


Artificial digestion experiments carried out in comparison with 
hard boiled egg white showed that the birds’ nests were digested 
by both pepsin hydrochloric acid and trypsin though not so 
quickly as the egg. The speed of digestion was determined by 
Sérensen’s titration (6). Comparison was made of the increase 
during 24 hours in the volume of 0.1.N sodium hydroxide for 
titrating 25 cc. of the peptic digest. Results were expressed in 
ce. per gm. of nitrogen in the material acted upon. For the 
birds’ nests in a typical experiment this value was 9.60 cc. and 
for the egg white 15.47 cc. Similarly, the increase of 0.1N 
hydrochloric acid to titrate the tryptic digest was 19.02 cc. for 
the birds’ nests and 38.75 cc. for the egg white. 

The percentage of carbohydrate in the hydrolyzed birds’ nests 
could not be found with accuracy. Efforts using Benedict's 
(10) Method 2 failed to give concordant results. The material 
was prepared in the following manner: 1 gm. of the ground and 
sifted nests was dissolved in a small amount of concentrated 
hydrochloric acid by standing over night. It was then diluted 
with distilled water to make a 5 per cent acid solution and boiled 
with a reflux condenser for 13 hours. The hydrolyzed mixture 
was treated with phosphotungstic acid, filtered, and the filtrate 
was made up to a definite volume. 
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Concordant results were not obtained. Variations were there- 
fore made in the strength of acid from 3 per cent to concentrated 
and the length of hydrolysis from 4 to 83 hours. In some cases 
Levene’s (11) method of introducing a little stannous chloride 
into the hydrolyzing mixture was followed. It was soon dis- 
covered that the reducing power of the birds’ nest was gradually 
diminished by heating in an acid solution. A difference of 6.37 


TABLE II. 
Relation between Quantity of Reducing Sugar and Time of Hydrolysis. 


Time. Reducing sugar. 


hrs. per cent 
; 17.36 

1 15.99 

1 16.03 

2 13.63 

3 13.11 

83 10.99 


per cent of carbohydrate calculated as glucose between the samples 
hydrolyzed 4 and 83 hours is shown in Table II. In this experi- 
ment 20 per cent hydrochloric acid was used, the highest figure, 
in the table, 17.36 per cent, is much lower than that reported by 
Miiller (9) for the carbohydrate in salivary mucin. His is 37 per 
cent, estimated by making phenylosazone from the hydrolyzed 
mixture. 


Distribution of Nitrogen. 


For the distribution of nitrogen Van Slyke’s (12) method was 
closely followed, except that the bases were precipitated from a 
volume of 250 cc.. instead of 200 cc. and the correction for solu- 
bility of the basic phosphotungstates made accordingly. Approxi- 
mately 2 gm. of the ground and sifted birds’ nest were taken for 
each of the four series of experiments. Several months clapsed 
between each one of the series. 

By a study of Table III it will be seen that it was possible to 
obtain a fairly complete result on the distribution of nitrogen, 
the results for the different nitrogen fractions in the three finished 
series totalling 99.84, 100.61, and 100.54 per cent, respectively. 
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Series II and III are in close agreement with each other and 
Series IV slightly different, probably due to the fact that the 
material used in Series IV was purchased at a different time from 


the others. 


In Series II and III with the exception of cystine 


nitrogen, humin nitrogen, and the non-amino nitrogen of mono- 
amino-acids, the differences between duplicate series are all 


TABLE III. 
Distribution of Nitrogen in the Edible Birds’ Nests. 
I II III | IV Average of 
n 
Nitrogen. & a| & & 
cent dent |Percent| | per cent 
Amide........ 1.07|10.15 1.03)/10.06) 1.05) 10.10 1.09} 10.54) 1.04) 10.08 
Humin .| 0.71) 6.75 0.65) 6.38] 0.72; 6.98 0.70| 6.77) 0.69) 6.68 
Arginine...... 1.45)13.69 1.43/13.96) 1.44) 13.93 1.25) 12.12) 1.44) 13.95 
Cystine.......| 0.37) 3.51 0.29) 2.79) 0.41) 4.00 0.49) 4.77/ 0.35] 3.39 
Histidine. .... 0.60) 5.90] 0.67 6.53 0.67} 6.47) 0.64) 6.22 
Lysine........ 0.26) 2.55] 0.25) 2.37 0.19} 1.84] 0.26) 2.46 
Amino nitro- | 
gen of mono- | 
amino-acids. 5.08|49.61) 5.24) 50.76 4.99) 48.41) 5.16) 50.19 
Non-amino ni- 
trogen of 
monoamino- | 
acids........ 0.87) 8.54) 0.61; 5.90 1.00) 9.62) 0.74 7.22 
Total nitrogen | 
recovered... 10.21/99. 84|10. 40|100. 61 10. 38/100. 54/10. 31/100. 23 
Total nitrogen | 
determined. |10.57 10.24 10.33) 10.31 10.29 


within the maximun experimental error allowed by Van Slyke 
(12) for pure proteins. The presence of considerable fine feathers 
with their high sulfur content and the resulting difficulty in ob- 
taining a pure sample may be the cause of the variation in the 
The differences in the humin nitrogen are 


cystine nitrogen. 


probably due to the carbohydrate in the nest proteins. 
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The humin nitrogen is shown much higher than that of any of 
the pure proteins. The highest Van Slyke (12) has reported is 3.6 
per cent for ox hemoglobin, a difference of 3.08 per cent from that 
of the nest. This high humin nitrogen may be explained as the 
result of the presence of a carbohydrate radicle in the nest pro- 
teins. Gortner and Blish (13), Gortner (14), and Hart and Sure 
(15) reported that the presence of dextrose or any other carbo- 
hydrate caused an increase of humin nitrogen during the hydrolysis 
of zein, fibrin, and casein. 

The influence of the presence of a carbohydrate radicle on the 
distribution of nitrogen is also shown by the comparatively low 
lysine nitrogen and the high histidine nitrogen of the nest pro- 
teins. Thus, in case of pure casein reported by Hart and Sure 
(15) the value given for lysine nitrogen is 9.41 per cent and that 
for histidine nitrogen is 5.95 per cent. On the addition of dextrose, 
sucrose, and starch, respectively, during the hydrolysis of casein 
the corresponding values for lysine nitrogén are 7.01, 6.38, and 
5.54 per cent, and those for histidine nitrogen are 7.31, 7.65, and 
7.30 per cent. In every case, therefore, there is a decrease in the 
lysine nitrogen and an increase in the histidine nitrogen. Although 
the nature of the carbohydrate radicle in the nest has not yet 
been completely determined, it seems to possess in common with 
other carbohydrates the power of causing a redistribution of amino- 
acids on hydrolysis of protein. The presence of feathers in the 
material is undoubtedly the cause of the high value, 3.39 per cent 
for the cystine nitrogen in the nest. The highest value Van Slyke 
gave for cystine nitrogen in pure proteins is 1.25 per cent in gliadin. 


Biological Value of the Birds’ Nests Proteins. 


Feeding experiments were conducted on rats at Dr. McCollum’s 
laboratory,! the School of Hygiene and Public Health, Johns 
Hopkins University, and the birds’ nest was used to supplement 
a ration adequate in all respects but the character. of the protein. 
Two unsatisfactory proteins, maize kernel and rolled oats, were 
chosen because they are of different character (16). Although 


1 For this part of the work I am indebted to Dr. McCollum and Miss 
Simmonds who kindly continued the experiments that I had started, and 
thus enabled me to secure the results. 
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when each is fed as the sole source of protein, they have approxi- 
mately the same biological values for the support of growth, 
they are not at all similarly constituted. Oat proteins are sup- 
plemented well by the amino-acid mixture which comes from the 
digestion of gelatin, whereas the proteins of the maize kernel 
are not so supplemented in a degree which can be demonstrated 
by growth experiments with young animals. 

The complexes which form the limiting factor in those two 
proteins are different, and, therefore, if the birds’ nest protein 
has a high nutritive value it should at least supplement one of 
them. Since its addition failed to supplement either protein, 
it seems very probable that the birds’ nest protein is of an in- 
ferior quality. It is of course possible that when taken together 


Lot 651 
| Ration 
___Dextrin 18. 
|Salts | 37 
Gm. —Ag 
! 
160 


with certain other foods it might have value, but its value is 
problematical in any case, and it is certain that it is far from being 
a complete food protein. 


Lot 651 (Chart I) represents the growth curves for a group of rats which 
were restricted to a diet containing about 7 per cent of corn protein. The 
diet was otherwise fairly satisfactorily constituted. It failed to induce 
growth at a rate corresponding to about half the normal rate, and the 
animals became stunted when they were about half the normal adult size. 

This diet is greatly improved by the addition of even so small an amount 
of purified protein as 3 per cent of lactalbumin. This is shown in the 
growth curves of Lot 786 (Chart II). 

Lot 2071 (Chart II) shows the very slow rate of growth of a group of 
rats which were restricted to a diet comparable in all respects to those 
just mentioned except that the corn protein was fed at the plane of 6 per 
cent of the food mixture. This ration, when supplemented with a protein 
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having an appreciable biological value, would become capable of inducing 


growth, as illustrated in the case of Lot 786. 


When a group of young rats were fed this diet for a period of 13 weeks 


and had been able to increase in weight but very little, 


and had finally 


completely failed to grow, 16 per cent of the Chinese edible birds’ nest, 
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equivalent to 6 per cent of N X 6.25, was added in the place of a portion 
If the birds’ nests protein had any ap- 


of the carbohydrate of the dict. 


preciable nutritive value, it should have enabled the young animals to 
respond with growth. A wide experience has demonstrated that such 
response will be observed when the protein added is of such a nature as to 
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furnish certain essential amino-acids which form the limiting factor in the 
proteins of the corn (maize). In this experiment there was no growth 
following this addition of birds’ nests. The only conclusion which can be 
drawn is that the birds’ nests do not supplement the protein and the corn 
kernel. 

Lot 2073 (Chart III) shows that young rats cannot grow much when the 
diet contains only the amount of protein which will be furnished by a 
content of rolled oats equivalent to 40 per cent of the food mixture. This 
amounts to approximately 6 per cent of protein in the diet. Lot 1339 
(Chart III) shows that the same food mixture, supplemented with the 
proteins of flaxseed oil meal sufficient to furnish an additional 3 per cent of 
proteins, is sufficient for the maintenance of a rate of growth somewhat 
more rapid than half the rate at which the young rat is capable of growing. 
Animals on this diet have reached approximately the full adult size, and 
young have been produced. 

The fact that Lot 2073 in Period 2 failed to respond with growth when 
16 per cent of the edible birds’ nest was added to the diet, leaves no room 
for doubt that this substance, although a protein of a peculiar character, 
does not supplement the proteins of the oat kernel in any appreciable 


degree. 
SUMMARY. 


1. The Chinese edible birds’ nest has the properties of a pro- 
tein as well as those of a carbohydrate. It belongs, therefore, to 
the class of glycoprotein. 

2. Its percentage composition resembles that of salivary mucin. 
Its ash is high, but there is no sandy material present. It contains 
10.29 per cent nitrogen and at least 17.36 per cent carbohydrate. 

3. Artificial digestion experiments indicated that the birds’ 
nest was digested by both pepsin hydrochloric acid and trypsin 
at a slower speed than boiled egg. 

- 4, The distribution of nitrogen showed a higher value for both 
humin nitrogen and cystine nitrogen than for pure proteins. 
The former is probably due to the carbohydrate radicle in the 
nest while the latter is due to the presence of fine feathers. Other 
fractions were similar to those of pure proteins. 

5. Feeding experiments indicate that the nest protein is prob- 
ably of an inferior quality. It failed to supplement a ration ade- 
quate in all respects, except that the source of protein was de- 
rived from either maize kernel or rolled oats. Although both of 
them were unsatisfactory proteins they were different in character. 
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THE ISOLATION AND THE NATURE OF THE AMINO 
SUGAR OF CHINESE EDIBLE BIRDS’ NESTS.* 


By CHI CHE WANG. 


(From the Nelson Morris Institute for Medical Research, Michael Reese 
Hospital, Chicago.) 


(Received for publication, September 26, 1921.) 
Literature on Carbohydrate Radicle of Glycoproteins. 


Although many attempts have been made by different investigators to 
isolate the carbohydrate group from various glycoproteins, only two 
amino sugars have so far been isolated: chitosamine (glucosamine) and 
chondrosamine. Chitosamine (1) was first isolated from lobster shells 
and later from other substances. In some cases the hydrochloride of 
chitosamine was obtained in crystalline form while in others the base was 
estimated either from the reducing power of the hydrolysis solution or 
from the phenylosazone prepared from it. Bywaters (2) estimated the 
percentage of chitosamine in the white of eggs by the former method, and 
Osborne, Jones, and Leavenworth (3) by the latter. According to the 
latter authors the reduction method for the estimation of chitosamine is 
of but little value. Ross (4) succeeded in isolating the glycosamine hydro- 
chloride in erystalline form from Boletus edulis. Her method is similar 
to the standard one given by Fischer (5) using concentrated hydrochloric 
acid to hydrolyze the substance. She demonstrated the fact that the 
glucosamine could not be isolated by hydrolyzing the substance with 
sulfuric acid. Ostwald (6) isolated a small amount of chitosamine from 
ovomucoid by dialyzing the hydrolysis solution with distilled water and 
evaporating the dialysate. Miiller (7) made an investigation on the carbo- 
hydrate radicle of mucin from the sputum of tuberculosis patients and 
from the submaxillary saliva of dogs, and after having encountered many 
failures he succeeded in isolating a erystalline compound he ealled glu- 
cosamine hydrochloride. The properties of this chitosamine hydrochloride 
are somewhat different from those summarized by Levene and La Forge (8) 
for the ordinary chitosamine hydrochloride, in that Miiller’s is soluble in 
95 per cent alcohol, while the latter is almost insoluble in 80 per cent 


*The work reported in this article was conducted at the Nutrition 
Laboratory, Department of Home Economics, University of Chicago. It 
forms part of the thesis submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in the University of Chicago. 
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aleohol; and that his is destroyed by standing in hydrochloric acid solu- 
tion and therefore the work has to be carried through rapidly, while the 
latter is ordinarily prepared by hydrolyzing the substance with concen- 
trated hydrochloric acid for many hours and then evaporating it ona 
water bath. 

Levene (8, 9, 10) has made a most extensive study of the carbohydrate 
radicle of mucin from pigs’ stomach, funis mucin, humor vitreous mucoid, 
cornea mucoid, and mucoids from cartilage and tendon. From the mucins 
he isolated the chitosamine while from the mucoids the chondrosamine. 
The difference between the two will be discussed later. 


Isolation of the Carbohydrate. 


In attempting to isolate the carbohydrate of the nest, the 
methods of the previous investigators were first tried, but met 
with only very moderate success or entire failure. However, 
since the experiments showed something of the properties of the 
carbohydrate in contrast with the properties of the previously 
known amino sugars, they are briefly described here. 

Fischer’s (5) method of preparing chitosamine by hydrolyzing 
the substance with concentrated hydrochloric acid and_ then 
evaporating it on a water bath was first tried. This method met 
with entire failure, as the reducing power of the birds’ nest which 
had been so strong in a dilute hydrochloric acid solution hydro- 
lyzed for a short time, was completely destroyed. 

Levene’s (11) method was next followed, isolating chitosamine 
from mucins by preparing the conjugated sulfuric acid first and 
then hydrolyzing the product with 20 per cent hydrochloric acid 
and a little stannous chloride. In following this method occasion- 
ally a few crystals of various forms, among which “ Kreissector” 
described by Miiller (7) was also present, were obtained; but in 
no case was the yield sufficient for any analytical study.. 

The third method used was Miiller’s (7) for preparing chito- 
samine from salivary mucin. About 15 gm. of the nest were 
hydrolyzed with 150 ec. of 4 per cent hydrochloric acid for 3 hours 
on a water bath. The hydrolysis mixture was treated at once 
with dialyzed iron which threw down a heavy brownish black 
precipitate. The dark brown filtrate had a strong reducing 
power, but after evaporating in vacuum desiccators only a very 
few oblong crystals were formed which were not enough for re- 
crystallization. 
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During the many failures some of the characteristic properties 
of the carbohydrate of the birds’ nest were observed. It is un- 
stable toward alkali and acid plus heat. It is soluble in 95 per 
cent ethyl and methyl alcohol. It seems to be partially absorbed 
or destroyed by protein precipitants. It is, therefore, essential 
to hydrolyze the material with dilute hydrochloric acid only long 
enough to split off the carbohydrate radicle but not to destroy it. 
The following method of preparation was then applied and 10 
gm. of beautiful white crystals were obtained after three crystal- 
lizations from aleohol and ether. 


About 300 gm. of the birds’ nest were heated with 2,100 ec. of 3 per cent 
hydrochloric acid for 5 hours until the material had completely gone into 
solution, but no black precipitate was produced. (On long heating a black 
precipitate results.) The hydrolysis solution was evaporated to dryness 
over sulfuric acid and under solid sodium hydroxide in vacuum desiccators 
at room temperature. The thick black residue was extracted with 95 
per cent alcohol and the alcoholic solution was separated by centrifuge. 
The extraction was continued until the alcoholic solution gave a little or 
no reducing power. It required from fifteen to twenty extractions, at 
least. The alcoholic solution was evaporated to a very thick dark 
brown syrup under diminished pressure (30 mm.). In another case where 
a better yield was obtained it stood for several months and evaporated 
gradually at room temperature. The syrup was then taken up with a 
large quantity (about 500 cc.) of methyl aleohol. <A fairly large quan- 
tity of brownish crystals thus resulted. They were filtered off and redis- 
solved in a little boiling water. The solution was filtered again and the 
brownish filtrate was treated with about eight times its volume of abso- 
lute aleohol and then with ether until no more precipitate formed. The 
crystallization was repeated until the crystals became pure white and 
seemed to be uniform on microscopic appearance; rods grouping them- 
selves in the forms of an elaborate fern leaf. The yield wasabout 10 gm. 


As the properties of this product seemed to be more or less 
different from those of any of the known amino sugars, it was 
thought possible that the product might be a mixture instead of 
being a single compound. Another preparation was, therefore, 
made according to the method given above except that in dis- 
solving the brown crystals from methyl alcohol less water was 
used and instead of using both absolute aleohol and ether to bring 
about the precipitation, only the former was used. This required 
much more alcohol, at least 1,500 cc. of absolute aleohol. The 
alcoholic solution which was only cloudy at first, yielded a large 
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crop of about 5 gm. of beautiful precipitate on standing over 
night. It was filtered by suction and after being recrystallized 
twice, was dried over sulfuric acid. There are various forms of 
crystals in this fraction, among which the ‘“ Kreissector”’ form 
of Miiller predominates. 

The alcoholic filtrate was treated with ether until the solution 
became cloudy. On standing over night another crop of about 
5 gm. of pure white crystals was obtained. It was filtered and 
dried as before. The crystals of this fraction are large fluffy 
flakes. 

Although the largest yield of the purified amino sugar was only 
about 3 per cent, the original protein contained at least 17.36 
per cent of reducing substance as shown in the previous report. 
The small yield might be due to either the unstability of the amino 
sugar or the presence of some reducing substance other than 
amino sugar in the protein. Judging from the properties of the 
sugar, the former hypothesis is probably correct. 


Properties of the Three Sets of Crystals. 


The three sets of crystals are all very soluble in water and 80 
per cent alcohol, fairly soluble in 95 per cent and in methyl alco- 
hol, slightly soluble in absolute alcohol, and insoluble in ether, 
chloroform, and acetone. They all taste sweet and give a strong 
test with both Molisch’s and Fehling’s reagents. They fail to 
respond to any of the protein reactions. When boiled with strong 
sodium hydroxide, they give off ammonia. None of them melted 
when they were placed side by side in melting point tubes and 
heated to 250°C. in a glycerol bath. However, the alcohol-ether 
crystals started to turn dark at 142°C., the alcohol fraction at 
170°C., and the ether fraction at 150°C. At 250°C. they all 
became almost black in color. On analysis they give the follow- 
ing percentage composition: 


I. Analytical data of the alcohol-ether crystals. 
A. Determination of carbon and hydrogen. 
1. 0.1858 gm. substance: 0.2254 gm. carbon dioxide and 
0.1121 gm. water. 
2. 0.1631 gm. substance: 0.1978 gm. carbon dioxide and 
0.0980 gm. water. 
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B. Determination of nitrogen by combustion. 
1. 0.1860 gm. substance: 10.1 cc. nitrogen at 20°C. and 
758 mm. pressure. 
2. 0.1801 gm. substance: 10.1 ce. nitrogen at 20.5°C. and 
756 mm. pressure. 
C. Determination of chlorine. 
1. 0.1541 gm. substance required for titration of hydrochloric 
acid 13.92 cc. 0.05 N silver nitrate. 
0.1597 gm. substance required for titration of hydrochloric 
acid 14.35 cc. 0.05 N silver nitrate. 
3. 0.1594 gm. substance required for titration of hydrochloric 
acid 14.41 cc. 0.05 N silver nitrate. 
C. Hi; Os NCI. Calculated. H 6.50, C 33.41,N 6.51, Cl 16.45. 
Found. H 6.69, C 33.09, N 6.28, Cl 15.99. 
D. Determination of the optical activity. 
1. 0.3335 gm. substance in 9.947 gm. water rotated in a 1 dm. 
tube with D-light +2.58° 7 minutes after the solution 


was made, and +2.38° 28 hours later. 
Initial. Equilibrium. 


[a]p = +79.5° [a] = +73.4° 
2. 0.2821 gm. substance in 10.816 gm. water rotated in a 1 dm. 
tube with D-light +1.81° 10 minutes after the solu- 
tion was made, and +1.72° 20 hours later. 


bo 


Initial. Equilibrium. 
= +71.2° = +67.7° 
Average of (1) and (2). 
Initial. Equilibrium.’ 
= +75.4° = +70.6° 


II. Analytical data of the alcohol fraction. 
A. Determination of nitrogen by Kjeldahl-Gunning method. 
1. 0.3140 gm. substance required for titration of ammonia 
14.56 cc. 0.1 N sulfuric acid. 
2. 0.2947 gm. substance required for titration of ammonia 
13.42 cc. 0.1 N sulfuric acid. 
3. 0.1199 gm. substance required for titration of ammonia 
5.54 ec. 0.1 N sulfuric acid. 
Cs Hi; Os NCI. Calculated. N 6.51. 
Found. N 6.46. 
B. Determination of optical activity. 
1. 0.3056 gm. substance in 9.9028 gm. water rotated in a 1 dm. 
tube with D-light +2.703° 10 minutes after the solu- 


tion was made, and +2.153° 22 hours later. 
Initial. Equilibrium. 


= +87.6° = +69.7° 
2. 0.2997 gm. substance in 10.0797 gm. water rotated in a 1 dm. 
tube with D-light +2.56° 15 minutes after the solution 


was made, and +2.12° 20 hours later. a 
Equilibrium. 
+86.1° la) +71.3° 
Average of (1) and (2). 
Initial. Equilibrium. 


[a] = +86.9° = +70.5° 
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III. Analytical data of the ether fraction. 
A. Determination of nitrogen by Kjeldahl-Gunning method. 
1. 0.2152 gm. substance required for titration of ammonia 
9.68 ec. 0.1 N sulfuric acid. | 
2. 0.2016 gm. substance required for titration of ammonia 
9.02 ec. 0.1 N sulfuric acid. 
Hi; Os NCI. Calculated. N 6.51. 
Found. N 6.29. 
B. Determination of optical activity. 
1. 0.2329 gm. substance in 9.8419 gm. water rotated in a 1 dm. 
tube with D-light +1.596° 10 minutes after the solu- 


tion was made, and +1.675° 22 hours later. 
Initial. Equilibrium. 


= +67.5° = +70.8° 
2. 0.3512 gm. substance in 10.2822 gm. water rotated in a 
1 dm. tube with D-light +2.24° 10 minutes after the 
solution was made, and +2.425° 20 hours later. 


Initial. Equilibrium. 
[a]? = +65.6° [a]i® = +71.0° 
Average of (1) and (2). 
Initial. Equilibrium 
[a}}° = +66.6° = +70.9° 


The phenylosazone was prepared from the alcohol-ether crystals, 
Garard and Sherman’s (12) method was followed. About 1 gm. 
of the substance was placed in a small beaker with 10.80 gm. of 
freshly distilled phenylhydrazine, 12.60 gm. of glacial acetic 
acid, and 6.85 gm. of pure sodium acetate. The volume was 
made up with distilled water to 100 ec. and the mixture heated 
on a water bath for 3 hours. Unlike the osazone from glucose 
which crystallizes out during the course of heating under the 
same conditions, the osazone from this substance remained en- 
tirely in solution until it was cooled over night. This is similar 
to a preparation from glucosamine. It was so soluble in the 60 
per cent alcohol used by Garard and Sherman that to recrystallize 
their glucosazone that solvent could not be used and Levene’s 
method of recrystallization from water and pyridine was followed. 
After two recrystallizations it gave a melting point of 214° with 
rapid heating. On standing over sulfuric acid the color darkens 
and the melting point lowers markedly—170° in one case during a 
week’s standing. Samples of glucosazone made in exactly the 
same way for comparison both from glucose and glucosamine 
gave the usual melting point of 208°, and did not change on 
standing over sulfuric acid. Three tubes, one containing the 
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unknown osazone, the second glucosazone, andthe third a mix- 
ture of the two, were heated in one bath. The unknown always 
melted at a temperature about 6° above the others, while the 
mixture was either about the same or a little below the glucosazone. 

An attempt was made to study the optical activity of the osa- 
zone. <As it did not dissolve completely in the usual amount of 
Neuberg’s (13) alcohol pyridine mixture even after having stood 
for an hour with occasional shaking, the amount of solvent was 
doubled and a clear brown solution was secured after half an hour’s 
standing. The color of the solution was, however, so deep that 
it was impossible to see through a 1 dm. tube. The solution was, 
therefore, diluted to one-fourth, the strength recommended by 
Neuberg and by Levene and it was found to rotate slightly to 
the left. 


DISCUSSION. 


An examination of the properties and the analytical data of 
the three sets shows that they are all hexosamine hydrochlorides 
-and that they differ from each other only in their optical rotation 
and the temperature at which they begin to turn dark on heating. 
The latter difference might be explained on the basis of their 
purity. The one which is probably the purest, the alcohol frac- 
tion, turns dark at the highest temperature, 170°C., while the 
aleohol-ether crystals which begin to turn dark at 142°C., might 
be the least pure of the three. The degree of purity of the three 
sets of crystals is also shown by the slight difference in their 
nitrogen content. The alcohol fraction has a value of 6.46 per 
cent, the ether fraction 6.29 per cent, and the alcohol-ether crys- 
tals 6.28 per cent. The calculated value for the percentage of 
nitrogen of hexosamine is 6.51. 

The difference in the optical rotation is, however, most inter- 
esting. The average of the two determinations of optical rota- 
tion of the alcohol-ether crystals is [a]; = + 75.4° to + 70.6° 
while those of the alcohol fraction and the ether fraction are 
a}, = + 86.9° to + 70.5° and fal,’ = + 66.6° to + 70.9°, 
respectively. It is, therefore, clear that the three sets of erys- 
tals differ only in their initial rotations. The alcohol-ether 
crystals and the alcohol fraction have a descending rotation, 
while the ether fraction has an ascending one. Furthermore, 


j 
i 


448 Amino Sugar of Edible Birds’ Nests 


the value of the initial rotation of the alcohol-ether crystals 
lies between those of the other two fractions and is almost equal to 
the mean of the other two, which is + 76.8°. The duplicate 
determinations were made at least 6 months apart. These facts 
seem to indicate that the alcohol fraction is probably one of the 
hexosamine hydrochlorides of the a form; the ether fraction the 
8 form, and the alcohol-ether crystals a mixture of the two. 
Thus Levene (14) reported that the optical rotation of chon- 
drosamine hydrochloride of the a form was [a]} = + 129.5° 
to + 93.8° and that of the 6 form was [a]}} = + 62.7° to + 
91.1°. No report on the properties of the a and 6 forms of other 
hexosamine hydrochlorides could be found in the literature. 
- Unfortunately, there is not enough material for more experi- 
mental work at present and the question as to whether the above 
hypothesis is correct has to be left unanswered. 

What one of the possible hexosamines this is, has not been 
determined. <A study of Tables I and II indicates that the proper- 
ties of the unknown sugar are not in close agreement with either 


of the two known hexosamine hydrochlorides; the chitosamine 


hydrochloride or the chondrosamine hydrochloride. From Miil- 
ler’s (7) description of the ‘‘glucosamine” which he obtained 
from sputum mucin it seems probable that his substance was the 
same as the alcohol-ether crystals. The highest melting point 
which he gave from his osazone was only 205°, but the discrepancy 
with our 214° might be explained by the greater purity of the 
latter. 

The unknown hexosamine hydrochloride differs from chondro- 
samine in its melting point and its optical activity, but resembles 
it in its solubility in alcohol and in giving an unstable osazone. 

The most striking point of resemblance between chitosamine 
hydrochloride and the hydrochloride of the unknown sugar lies 
in their optical activity and their stability toward concentrated 
hydrochloric acid, solubility in alcohol, and in the stability and 
the character of their osazone. Thus, chitosamine hydrochloride 
is insoluble in 80 per cent alcohol, while the hydrochloride of 
the unknown sugar is very soluble in 80 per cent alcohol, and when 
pure, soluble in 95 per cent alcohol, methyl alcohol, as well as 
absolute alcohol chitosamine hydrochloride may be prepared by 
boiling with concentrated hydrochloric acid, while this sugar is 
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completely destroyed. Glucosazone melts at 208° and the osa- 
zone from this sugar at 214°. The former is more soluble in 
Neuberg’s alcohol-pyridine mixture. It is stable on standing over 
sulfuric acid. The unknown osazone is unstable, darkening in 
color and lowering its melting point. 

Which amino-hexose this sugar is is therefore still undetermined. 

Levene (10) has recently made a grouping of his glycoproteins 
and their derivatives which throws light on the question of the 
birds’ nest glycoproteins from tendons, cartilage, aorta, and sclera 
mucoids. He has isolated the conjugated sulfuric acid which he 
calls chondroitin sulfuric acid and which gives chondrosamine on 
hydrolysis, and from gastric mucosa, vitreous humor, funis mucin, 
cornea mucoids, and serum mucoids he has isolated mucoitin 
sulfuric acid from which chitosamine (glucosamine) is derived. 
Chondroitin sulfuric acid is highly resistant to hydrolytic agents, 
and mucoitin sulfuric acid is very easily hydrolyzed, and even 
amino sugar is often destroyed completely by the hydrolytic 
agent. It is plain from the work described in this paper that 
birds’ nest glycoprotein belongs to the second group. 

He also found that different members of the second group 
behave differently, especially in the properties of their conjugated 
sulfuric acid so that he distinguishes two subdivisions A and B. 
The precursor of the unknown sugar of birds’ nest is more like 
subgroup B than A. Levene’s subgroup A gives a fairly insoluble 
barium salt of the conjugated sulfuric acid and the subgroup B 
(the description of which was published after the work in this 
paper was done) a distinctly soluble one. The efforts of the 
writer to isolate a conjugated sulfuric acid from the birds’ nest 
by the Levene early method met with almost complete failure, 
the substance behaving in the manner later described by Levene 
for subgroup B. It is, therefore, certain that the precursor of 
the unknown sugar belongs to the subgroup B of the second 
group of glycoproteins described by Levene. 


SUMMARY. 


1. A method for the solution of the amino sugar from Chinese 
edible birds’ nest is described. 

2. Three sets of pure white crystals having the percentage 
composition of a hexosamine, were obtained. They are similar 
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in all their properties except optical rotation which for two of 
them decreases on standing over night and of the third increases, 
The probable conclusion is that one of the two sets showing a 
decreasing of the optical rotation on standing is the a form of a 
hexosamine, the one which has a rise of the rotation the 6 form, 
and the third set a mixture of the two. 

3. Levene’s recent description of the different groups of gly- 
coproteins and their derivatives shows that there is a striking 
resemblance between the properties of the precursor of this un- 
known sugar and those of his subgroup B of the second group. 


In conclusion I wish to express my obligation to Dr. Katharine 
Blunt, in whose laboratory the work reported in the last two 
papers was carried out, for her helpful suggestions and constant 
interest in the investigation. 
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I. INTRODUCTION. 


The behavior of the ordinary foodstuffs during successive hours 
after their ingestion as they react in the organism of the dog has 
been the subject of numerous former researches published from 
this laboratory. The last paper upon this theme was issued in 
1919 (1) and dealt with the similarity of the extent of the rise in 
heat production after giving lactic acid and alanine. It was then 


*An abstract of this paper was presented before the Physiological 
Congress held in Paris, July, 1920. 
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(erroneously) concluded that the ingestion of the two substances 
resulted in the same physiological reaction upon metabolism. 

In 1912 the writer (2) proved that glycine and alanine were 
powerful stimuli to increased heat production. At the same time 
Benedict (3) advanced the theory that the specific dynamic action 
of the foodstuffs was due to stimuli arising from the formation of 
organic acids. This has been elsewhere discussed by me (+). 

In the light of our present knowledge it seemed desirable to 
investigate the comparative behavior of various simple substances, 
such as acetic, glycollic, lactic, and hydrochloric acids; the be- 
havior of glycine after neutralization with sodium bicarbonate, of 
sodium lactate and sodium glycollate, and of sodium bicarbonate 
itself. In this manner one might discover to what extent the acidie 
radicle was a dominant factor influencing metabolism. Since 
strong solutions of acetic acid were vomited by the dog, one could 
administer only small quantities to the animal. As noted in the 
previous paper, it was found possible to administer materials 
like lactie acid in a solution containing 2.5 gm. of Liebig’s extract 
of beef warmed to a temperature of 38°C. For the reason of the 
presence of Liebig’s extract in the diet, the protein metabolism 
throughout the whole series of experiments was estimated on the 
basis of a urinary nitrogen elimination of 0.132 gm. per hour, as was 
determined for the basal metabolism of the dog employed. The 
figures given represent in general the measurements of the metabo- 
lism obtained during the 2nd and 3rd hours after administering the 
substances. The results obtained in this paper should be considered 
in the light of the paper by Miss Taistra (5) which follows this. 


Il. THE BASAL METABOLISM. 


A dog was given the ‘‘standard diet”’ (6) at 5 p.m. the day be- 
fore the experiment and also regularly throughout the entire 
period of experimentation. The basal metabolism was deter- 
mined about 18 hours after the ingestion of this maintenance 
diet. The results are summarized in Table I. 

According to these determinations the basal metabolism by 
indirect calorimetry averages 17.61 calories per hour and the 
respiratory quotient 0.80. 
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TABLE I. 
Basal Metabolism of Dog XIX. 
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Dura- Calories. 
Date d R.Q. alories 
ment. Indirect.| Direct. Difference. 
1929 Ars. 

6 Jan. 15 2 | 0.82 | 35.59 | 37.54 +1.93 

19 Feb. 5 2 | 0.84 | 33.12 | 33.52 +0.40 

24 Mar. 16 2 | 0.80 | 35.37 | 31.30 —4.05 

29 “30 2 | 0.76 | 36.59 | 36.14 —(0.45 

32 Apr. 6 2 | 0.75 | 36.52 | 35.78 | —0.74 

35 ~ ae 2 0.79 | 34.75 | 34.80 +0.05 
38 aie 1 0.81 | 16.90 | 16.75 —0.15 

Total.. 13 | 0.80 (228.84 /225.83 | —3.01 = 1.3 per cent 


lll. LIEBIG’S EXTRACT OF BEEF. 


The influence of 2.5 gm. of this material, when given with 500 ce. 
of water to Dog XVIII, was found to increase the basal metab- 
olism by 1.1 and 0.8 calories per hour, as has already been de- 
| scribed by Atkinson and Lusk (1). In the present instance the 
administration of 2.5 gm. of the substance in a smaller quantity 
of water, 400 cc., caused a searcely appreciable rise in heat pro- 
duction above the basal level. The experiments may be thus 
expressed : 


TABLE II. 


Metabolism of Dog XIX after Administering a Broth Containing 2.5 Gm. of 
Liebig’s Extract of Beef. 


Calories per hour. 
Date. 35 R.Q. 
se 
a A Direct. Difference. 
1920 ce. Ars. 
7 Jan. 16) 350 2 0.79) 36.53) 34.38) —2.15 
14 | 400 2 0.81) 38.93, 43.41) +4.48 
21 Feb. 9) 400 1 0.82! 19.79, 19.99; +0.20 
23 “19 | 400 2 0.81) 34.25 37.10, +2.85 
25 Mar. 19 ; 400 2 0.80, 34.72) 34.06 —0.66 
34 Apr. 9) 400 2 0.82) 33.91) 33.22) —0.69 
Total.. 11 | 0.81 198.13 202.16 +4.03 = 2.0 per cent 
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The average heat production, as determined by indirect calorim- 
etry after giving 400 cc. of a broth containing 2.5 gm. of meat 
extract, was 18.1 calories per hour, or 0.49 calory above the basal 
metabolism. The difference is so slight as to be negligible. The 
average respiratory quotient 0.81 is essentially the same as that 
of the basal metabolism. 


IV. SODIUM BICARBONATE. 


In order to detect the influence of sodium bicarbonate, 8 gm. 
of the material were ingested with 300 cc. of water and 2.5 gm. 
of Liebig’s extract, with the following experimental results: 


TABLE III. 


Dog XIX after Administering a Broth Containing 8 Gm. of NaHCO, 2.5 Gm. 
of Liebig’s Extract, and 300 Cc. of Water. 


Dura- | Calories per hour. 
ment. Direct. Difference. 
1920 Ars. 
42 May 1 2 | 0.84 work, 37.58; +0.36 
43 1 0.82 17.72, +0.77 
Total... 3 | 0.83 | 54.17 55.30 +1.13 = 2.1 per cent 


The rate of metabolism averages here 18.05 calories per hour, 
an increase of 0.45 above the basal metabolism, about the same 
as when the broth alone was given. The increase may be con- 
sidered negligible. 


V. ACETIC ACID. 


The behavior of acetie acid is of especial interest in that it is 
probably a cleavage product of fatty acid as a consequence of its 
6-oxidation. Acetic acid on combustion manifests a respiratory 
quotient of 1.00 and 1 gm. of the substance requires 1.067 gm. 
of oxygen and yields 3.491 calories of heat. One may calculate 
that 1 liter of oxygen thus employed would correspond to the 
formation of 4.674 calories. This is essentially the same value for 
oxygen as when a liter of it oxidizes fat and produces 4.686 cal- 
ories with the respiratory quotient 0.71. 
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The following results were obtained in the dog after ingesting 
3 gm. of acetic acid: 
TABLE IV. 


Dog XIX after Administering 3 Gm. of Acetic Acid in Broth Containing 
2.5 Gm. of Liebig’s Extract of Beef and 400 Ce. of Water. 


Calories per hour. 
Experiment | pare, | 
ment. Indirect. Direct. Difference. 
1829 Ars. 
4 Jan. 12 y 0.76 | 42.55 | 42.52 —0.03 
12 eee 2 0.79 | 41.25 | 42.77 +1.52 
13 ae 2 0.78 | 40.63 | 38.33 — 2.30 
Total... 6 0.78 124.43 |123.62 | —0.81 = 0.6 per cent 


This indicates that the metabolism of the dog, following the 
ingestion of 3 gm. of acetic acid containing 10.5 calories, rises to 
an average of 20.74 calories per hour, an increase of 3.13 calories 
above the basal level. 

An unusual phase of this work is the presence of a low respira- 
tory quotient following the ingestion of a material having a high 
quotient. Curiously enough, the.same phenomenon of a reduced 
respiratory quotient appeared also when glucose and acetic acid 
were given together. 


The experiments are all calculated without reference to the special 
modifications induced through the combustion of acetic acid. If, however, 
one recalculates the Ist hour of Experiment 12, in which the respiratory 
quotient was 0.83, on the hypothesis that as large a quantity as 1 gm. of 
acetic acid was oxidized during that interval, then the non-protein respira- 
tory quotient for fat plus carbohydrate would reach the artificial value of 
-0.68. On this basis the calories of metabolism would be derived as follows: 
protein 3.50, acetic acid 3.49, fat 12.72, total 19.71. This contrasts with a 
total of 20.30 calories determined by the usual mode of calculation, a 
diminution of 0.59 calory for the hour. The usual method of calculating 
the results cannot therefore be wide of the mark. 


It is possible that acetic acid may in part have been reduced 
in the organism to ethyl alcohol, which would explain the low 
respiratory quotient obtained, but of this there is no actual evi- 
dence. The experimental evidence shows that administration of 
acetic acid does not reduce the carbon dioxide-combining power 
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of the blood, hence one may conclude that it is rapidly absorbed 
and oxidized (5). 

In a former experiment (Experiment 30, Dog III (7)) the ad- 
ministration of 5.8 gm. of ethyl alcohol, which if oxidized to acetie 
acid would have given rise to 7.6 gm. of the latter substance, 
effected an increase in the basal metabolism of only 0.9 calory 
per hour. It is well known that alcohol is only slowly oxidized, 
whereas acetic acid appears to be rapidly consumed. 


VI. LACTIC ACID. 


Lactic acid is believed by many to be a norma! intermediary 
metabolite of glucose (8-12) as well as of alanine. Its behavior 
in metabolism may therefore merit further investigation. Solu- 
tions of 4.8 gm. were given to Dog XIX with the following 
results: 

TABLE V. 


Dog XIX after Administering 4.8 Gm. of Lactic Acid in Broth Containing 
2.5 Gm. of Liebig’s Extract and 400 Cc. of Water. 


y Dura- Calories per hour. 
ment. aan Direct. Difference. 
1920 hrs. 
10 Jan. 21 2 | 0.83 | 39.91) 38.70; —1.21 
11 2 | 0.84 | 41.14; 40.34, —0.80 
Total.... 4 | 0.84 | 81.05, 79.04, —2.01 = 2.5 per cent 


Lactic acid, 4.8 gm., brought the rate of heat production to 
20.26 calories per hour, an increase above the basal metabolism 
of 2.65 calories. The respiratory quotient of 0.84 is slightly higher 
than the average basal value of 0.80, in conformity with the fact 
that the respiratory quotient of lactic acid is 1.00. 

The administration of lactic acid in this quantity temporarily 
reduced the CO.-combining power of the plasma of this dog (5) 
and yet the increase in the heat production was less than was 
observed in the case of acetic acid administration where no re- 
duction was observed. 
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To determine whether the administration of lactic acid in the 
form of an alkaline salt would abolish its specific dynamic in- 
fluence, 10 gm. of sodium lactate were given, with the following 
results: 

TABLE VI. 


Dog XIX after Giving 10 Gm. of Sodium Lactate in Broth Containing 2.5 Gm. 
of Liebig’s Extract and 400 Ce. of Water. 


Calori hour. 
of R. Q. alories per hour 
ment. | Indirect.| Direct. Difference. 
1920 Ars. 
33 Apr. 8 2 | 0.82 | 38.11 | 36.29 | —1.82 
36 cee 2 | 0.81 | 37.99 | 36.42 | -—1.57 
Total... 4 | 0.82 76.10 | 72.71 —3.39 = 4.5 per cent 


By the indirect method the heat production is 19.02 calories per 
hour, an increase of 1.41 calories above the basal. Therespiratory 
quotient is that usually found. The urine eliminated at the end 
of the experiments was weakly alkaline to litmus. 


If the sodium lactate were oxidized to NaHCO3;, the chemical reaction 
would be C;H;O0;Na + 30. = NaHCO; + 2CO, + 2H,0O. Under these 
circumstances the respiratory quotient would be 0.667 and the quantity 
of oxygen absorbed the same as would be required to oxidize lactic acid 
itself. Since the respiratory quotient actually found is0.82, it is evident 
that the alkali could not have been entirely, or even largely, neutralized 
by carbonic acid. 


The increase of 1.4 calories caused by 8 gm. of lactic acid ad- 
ministered as a sodium salt is not as great as that of 2.7 calories 
when only 4.6 gm. were given in the form of the free acid. This 
might be due to the fact that the presence of alkali promotes the 
conversion of lactic acid into glycogen. It should be recalled 
that the ingestion by a dog of 8 gm. of glucose into which 8 gm. 
of lactic acid are convertible has no effect whatever upon the 
metabolism (1). The intermediary metabolite is therefore more 
immediately available for use by the cell than is glucose which 
may be at once dehydrated and put aside as glycogen. To some 
this may appear to favor the theory that glucose must become 
glycogen before it can be utilized. 
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VIE. GLYCOLLIC ACID. 


Glycollie acid has been suggested as the primary product follow- 
ing the deamination of glycine. As such it might be the cause of 
the profound stimulation of metabolism which follows the ad- 
ministration of glycine itself. The literature concerning the in- 
termediary metabolism of glycollic acid is given by Sieburg and 
Vietense (13). Pohl (14) could find neither glycollic nor oxalie 
acid in the urine of a dog to which he had given the substance, 
Mayer (15), however, gave 10 gm. of glycol to a rabbit and re- 
covered one-sixth of it in the form of glycollic acid in the animal’s 
urine. Dakin (16) noted a rise in urinary ammonia from 
0.12 to 0.22 gm. per day after giving 1.1 gm. of glvcollic acid to a 
dog weighing 11 kilos. 

In combustion glycollic acid manifests a respiratory quotient 
of 1.33. When 1 gm. is oxidized 0.632 gm. of oxygen is consumed 
and 2.206 calories are liberated. Each liter of oxygen employed 
has a value of 4.990 calories or approximately the same value as 
when glucose is oxidized. 

Glycollic acid, 7.6 gm., containing about twice the number of 
potential H ions present in the quantities of acetic and lactic 
acids previously administered, were given to the dog and the 
results were as follows: 

TABLE VU, 


Dog X1X after Giving 7.6 Gm. of Glycollic Acid in Broth Containing 2.5 Gm. 
of Liebig’s Extract and 400 Cc. of Water. 


Calories. 

Indirect. Direct. Difference. 

1920 hrs. 

20 Feb. 6 2 0.93 39.01 31.51 | —7.350 
22 2 0.96 37.33 36.01 | —1.32 
26 Mar. 20 | 2 0.91 38.27 34.14 | —4.13 
| 
Total.. | 6 | 0.94 114.61 | 101.66 | —12.95 
a7* | Apr.20/ 3 | 0.88 55.47 | 50.91 | —4.56 


* Material given as a sodium salt. 


The metabolism calculated by the indirect method is 19.10 
calories per hour or an increase of 1.49 calories above the basal. 
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The high average respiratory quotient of 0.94 betokens the oxida- 
tion of the ingested material. 

Administration of glycollic acid produced a profound fall in the 
CO.-combining power of the blood plasma (5), indicating that a 
considerable quantity of the salt combines with the alkali of the 
blood and circulates in it. 

This reduction in CO2-combining power from 60 to 40 volumes 
per cent might have éaused the elimination of 100 ec. of CO» from 
500 ec. of blood presumably contained in the dog of 10 kilos body 
weight. Even though the whole of this elimination should have 
fallen upon the 2nd and 3rd hours recorded in the above experi- 
ments the increase in the respiratory quotient would have been 
only 0.02. Bicarbonate withdrawn from the tissues into the blood 
may have materially increased the CO, output. | 

The great reduction in the CO,.-combining power of the blood, 
with only a slight increase in the total metabolism, indicates that 
acid metabolites, when ingested, do not necessarily stimulate 
metabolism because of their acid properties. 

When glycollate of sodium was given to the dog the increase 
above the basal metabolism was 0.88 calory per hour. The 
respiratory quotient was 0.88, indicating the combustion of the 
substance. If the salt had been oxidized with the production of 
NaHCoO;, its respiratory quotient would have been 0.80. The 
quotient obtained indicates that factors other than CO: for the 
neutralization of the alkali were brought into play. 

An interesting phenomenon in relation to the ingestion of both 
glycollic acid and its salt is the reduced measured heat output of 
the dog despite the slightly increased heat production as computed 
from the oxidation process. This was also noticed when hydro- 
chloric acid was ingested. It is evident, therefore, that heat was 
stored in the body which was not reflected by the rectal thermom- 
eter carried by the animal. There might have been an altered 
distribution of the blood supply so that some portion of the body 
attained an increased temperature. These experiments confirm 
the idea that for short periods the indirect method of heat pro- 
duction is usually more to be relied upon than the direct 
measurement. 


| 

% 


| 


462 Animal Calorimetry 


VIII, HYDROCHLORIC ACID. 


Atkinson and Lusk (17) demonstrated that the administration 
of 200 ce. of 0.4 per cent hydrochloric acid will increase the hourly 
heat production in the dog from 20 to 21.25 calories: per hour, an 
increase of 1.25 calories. 

In Experiment 28, 300 ce. of water containing 0.6 per cent of 
hydrochloric acid and 2.5 gm. of Liebig’s extract were given to Dog 
XIX. The heat production as calculated was 19.16 calories per 
hour, an increase of 1.55 calories above the basal. 

The experiments of Miss Taistra show that a considerable fall 
in the COs-combining power of the blood takes place as the result 
of giving hydrochloric acid in this quantity to the dog. There 
is, however, no great rise of metabolism in consequence. 


IX. SODIUM SALT OF GLYCINE. 


Lusk (2) has shown that glycine is a powerful stimulant to 
metabolism. It might be that when administered as a sodium 
salt its active properties would disappear. Therefore, 9.55 gm. of 
the substance were dissolved in 300 cc. of water and neutralized 
by the addition of 10.7 gm. of bicarbonate of sodium. The eal- 
culations of metabolism followed the method given by Lusk (7) 
and the results may thus be summarized: 


TABLE VIII. 


Dog XIX after Giving 9.55 Gm. of Glycine in 300 Ce. of Water with 10.7 Gm. 
of NaHCO; and 2.5 Gm. of Liebig’s Extract. 


: Calories. 
Experiment Duration of 
No. Date. experiment. R.Q. 
Indirect. Direct. Difference. 
1920 Ars. | 
39 Apr. 22 2 0.84 45.84 45.37" -0.47 


* During the Ist hour, the heat from evaporated water was estimated. 


The heat production was 22.94 calories per hour, an increase 
of 5.31 calories above the basal. This accords with [Experiment 
61 on Dog III (7) in which administration of 10 gm. of glycine 
increased the metabolism 4.4 calories. 

The specific dynamic effect of glycocoll is therefore in no way 
diminished by administering it with alkali and the result is far 


| 
| 
| 
| 
| 


G. Lusk 463 


greater than is achieved after giving the nearly equivalent quan- 
tity of 7.6 gm. of glycollic acid, supposedly formed from it by hydro- 
lytic deamination. 

These experiments, however, do not exclude the possibility 
that after all glycollic acid may be the stimulus which increases 
metabolism, for it has been known since the experiments of Folin 
and Denis (18) that ingested glycine is absorbed with avidity by 
the cells of the muscles and liver, and it may be that if deamina- 
tion takes place within them with the production of glycollic acid, 
this substance may then play quite a different réle from that 
which it play§ when brought to the cell from without. Considera- 
tions of this sort show to what extent the experimental limitations 
of the method may play havoe with one’s interpretation of the 
results obtained. 

Dakin (19) suggests that glycine reacts upon other amino-acids 
capable of forming glucose (e.g., alanine), setting them free in the 
body. These would then become the source of sugar following 
glycine ingestion and the source of its specific dynamic action. 
This harmonizes with the fact that 1 molecule of glycine has the 
same specific dynamic effect as a molecule of alanine, but if 1 mole- 
cule of glycine caused the liberation of a molecule of alanine in 
metabolism in the phlorhizinized dog, then more ‘‘extra glucose”’ 
would be eliminated than actually takes place. 


X. GLUCOSE WITH AND WITHOUT LACTIC AND ACETIC ACIDS. 


One of the peculiarities of the specific dynamic action of amino- 
acids, glucose, and fat is that the extra heat produced by one of the 
three is specific and that when two or more of the materials are 
given together the extra heat production is the sum of the in- 
fluences which each substance given alone would have induced (7). 
In line with this knowledge it follows that if glucose and lactie acid 
be given together and lactic acid behaves like a metabolite of 
alanine, the heat production will be greater than when glucose 
alone is given, but if it behaves like a metabolite of glucose no 
appreciable rise will be observed. Also, if acetic acid be given 
with glucose, one can in like manner analyze whether acetic acid 
is a normal metabolite of glucose, as it might be if acetaldehyde, 
supposedly a cleavage product of glucose, were oxidized. 
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For this purpose the following solutions were given: 


A. Glucose, 58 gm. + water, 400 ce. + Liebig’s extract, 2.5 gm. 

+ Liebig’s 
extract, 2.5 gm. 
{ Liebig’s 
\extract, 2.5 gm. 


B. Glucose, 50 gm. + lactic acid, 8 gm.:+ water, 400 ce. 


C. Glucose, 50 gm. + acetic acid, 3 gm. + water, 400 cc. + 


It is evident from Table LX that there is no summation of effect 
when glucose and lactic acid are given together. Hence ingested 
lactic acid behaves like a metabolite of glucose and not like one of 
alanine. 

TABLE IX. 
Dog XIX after Giving Diets Above Mentioned. 


So 
Calories. 
ae Date. State of nutrition. 33 R. Q. 
EBS Indi-| Di- 
& rect. | rect. 
1920 Ars. 
47 May 13 Glucose. 2 | 1.01/44.56,42.17 
50 2 | 1.01 44.71/43.66 
Total.. 4 89.27 85.83 
44 May 10 Glucose + lactic acid. 2 | 1.07)/44.33,42.69 
Total... 4 88.72'83 98 
48 May 17 Glucose + acetic acid. 2 0.98149. 59144.98 , 
Total..| 4 99.35 90.40 


Quite different results were obtained after giving acetic acid. 
Whereas with glucose alone the metabolism was 22.32 calories 
per hour, after adding acetic acid the heat production rose to 
24.84 calories per hour, an increase of 2.52. But it has already 
been pointed out that after giving 3 gm. of acetic acid alone to 
this dog the metabolism was increased 3.13 calories. 
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The results may be thus expressed: 


Calories. | Per cent. 

Glucose, 50 gm. + acetic acid, 3 gm........ ae jaaten | +7.23 | +41 


A true summation of effeet is revealed similar to that found 
when glucose and fat are given together, and this supports the 
hypothesis that acetic acid is a normal intermediate in the metab- 
olism of fatty acid. Since one theory of the production of fat from 
carbohydrate involves the production of acetaldehyde from methy] 
glyoxal by CO, cleavage and the subsequent polymerization of 
the aldehyde radicles into fatty acid, and since Lusk (7) has shown 
that the process of the conversion of fat into carbohydrate does 
not materially increase the heat production, one may still assume 
the possibility of a production of acetic acid from glucose in metab- 
olism up to the limits of the power of the cell to oxidize acetalde- 
hyde, following which maximum a synthetic production of fat 
ensues. At this point, however, ingested acetic acid might be 
oxidized and lift the metabolism toa higher level. It seems, how- 
ever, more reasonable to believe that, if in the combustion of 
glucose by the cell acetic acid is produced as a dominant inter- 
mediate product, satisfying cell affinities for the oxidation of that 
substance, then the addition of a small quantity of acetic acid to 
the diet would not result in a quantitative reaction such asis noted 
above. Glucose ingestion does not change the CO.-combining 
power of the blood (5), therefore no acids are formed in itsmetab- 
olism which diminish this power. 


XI. ALCOHOL CHECKS. 


The validity of the data presented rests upon the accuracy of 
the determinations. The following alcohol checks may reassure 
the reader. The calculated heat production and the theoretical 
oxygen consumption were estimated from the carbon dioxide 
production of the burning alcohol. 


a 
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TABLE X. 
Hourly Average of Alcohol Checks. 
Calories. 
Experiment No. Date. R.Q. Er Os. 
Indirect. | Direct. 
1919 per cent 
66 Dec. 12) 0.694 —3.9 | 22.37 | 22.40 | +0.03 
67 “ 13) 0.669 +0 17.47 | 17.90 | +0.43 
1920 
68 | Jan. 7| 0.674 —1.1 | 23.32 | 23.56 | +0.23 
69 0.675 —1.1 24.53 | 24.51 | —0.02 
7 “<  26) 0.668 +0 23.70 | 24.02 | +0.32 
71 Feb. 3) 0.662 +0 18.33 | 19.26 | +1.33 
72 “13! 0.632 +5.4 13.59 13.54 | —0.05 
74 “ 0.659 +1.2} 28.10 | 28.65 | +0.55 
77 Mar. 13] 0.670 —0.5 | 27.35 | 26.60 | —0.75 
78 “ 15) 0.666 +0 24.49 | 24.86 | +0.37 
0.655 +1.7 | 22.59 | 22.55 | —0.04 
$1 Apr. 19; 0.684* —2.5 | 24.21 23.40 | —0.81 
82 May 18) 0.681 —2.1 26.94 | 25.66 | —1.28 
Average per hour.. 0.669 —0.2 | 22.85 | 22.85 0 


* Average of three hourly periods with R. Q. of 0.707, 0.667, 0.675. 
XII. A GENERAL TABULATION. 


The results of this work are illustrated in the accompanying 
chart and are condensed into Table XI. 

If one analyzes the experiments in which acids were given one 
finds no relation between the number of potential hydrogen ions 
administered and the height of the metabolism, nor is the power 
to reduce the carbon dioxide-combining power of the blood con- 
tributary. 

This appears in the following table: 


Relative num- in 
Substance given. H the 
ions. plasma. 
per cent 
Acetic acid, 3 gm.................. 1.0 3.1 0 
Lactic acid, 4.8 gm............... 1.2 2.7 14 
Glycollic acid, 7.6 gm............. 2.0 1.5 28 
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It should be further noted that a quantity of glycine containing 
only 20 calories induced an increase in metabolism for 2 hours 
amounting to 5.3 calories per hour, while glucose containing 218 
calories, or eleven times as many, raised the metabolism only by 
4.7 calories. The glycocoll was neutralized with sodium before 
ingestion. While one may still speak of amino-acid stimulation 
in the sense that one speaks of the specific dynamic action of pro- 
tein, one is still far removed from an actual elucidation of what 
transpires in the cells to induce the phenomenon. 


TABLE XI. 
A Summary of All the Experiments. 
Calories of Num- 
metabolism ber of | CO: in 
Nutritive condition. Calories} p Q. our. respira-| each 
| 
gm. 
Basal metabolism................ 0 | 0.80 | 17.6 6 0.016 
0 | 0.81 | 18.1 |4+0.5! 8 0.012 
0 | 0.83 | 18.05;4+0.5 | 7 0.015 
Acetic acid, 3 gm................ 10.5 | 0.78 | 20.7 |+3.1 |} 8.6 | 0.013 
Lactic acid, 4.8 gm...............| 17.6 | 0.84 | 20.3 |+2.7 | 8.1 | 0.013 
8 salt)......} 29.3 | 0.82 | 19.0 |+1.4] 7 Q.015 
Glycollic acid, 7.6 gm............ 16.8 | 0.94 | 19.1 |+1.5)] 9 0.013 
* “ 7.6 “ (Nasalt)..| 16.8 | 0.88 | 18.5 |40.9 | 7 0.015 
0 0.84 | 19.2 |+1.6 | 7.5 | 0.015 
Glycine, 9.5 gm. + NaHCOs, 
20.1 | 0.84 | 22.9 |+5.3 | 10 0.013 
Glucose, 58 gm................... 217.8 | 1.01 | 22.3 |+4.7 | 10 0.014 
50 “ + lactic acid, 
xe 217.0 | 1.04 | 22.2 |+4.6 | 11 0.014 
Glucose, 50 gm. + acetic acid, 
198.25) 0.97 | 24.9 |+7.2 12. | 0.013 


The administration of these small quantities of materials to a 


dog is not easy, and the limitation of the method employed ap- 
pears to me to have been reached in this research. Rubner (20), 
speaking in the Prussian Academy of Sciences in 1913, said, “Die 
Wanderung der Stoffe bis zur Zelle zu verfolgen, sie quantitativ 
zu messen und experimentell zu variieren, das gehért, bis heute 
wenigstens, zu den unlésbaren Aufgaben. Es ist auch kaum zu 
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erwarten, dass sich in Balde die entgegenstehenden Schwierigkeiten 
iiberwinden lassen.” 

It is realized that the methods employed here are relatively 
crude and the results often merely suggestive. 


XIII. SUMMARY. 


1. The ingestion of 400 ce. of a broth containing 2.5 gm. of 
Liebig’s extract of beef increased the heat production of a dog from 
a basal level of 16.1 calories by 0.5 calory per hour. 

2. The addition of 8 gm. of sodium bicarbonate to the broth 
caused no further change in the metabolism. 

3. The addition of 3 gm. of acetic acid to the broth caused an 
increase of 3.1 calories per hour. The material was evidently 
rapidly consumed. 

4. Lactic acid, 4.8 gm. given as before, raised the basal metab- 
olism by 2.7 calories. With 10 gm. of sodium lactate the heat 
production increased only 1.4 calories per hour, possibly because 
the alkali favored its transformation into glycogen. 

5. Glycollic, acid, 7.6 gm., with twice the number of potential 
H ions contained in it than were present in 3 gm. of acetic acid, in- 
creased the metabolism by 1.5 calories or less than half that ef- 
fected by acetic acid. A like quantity given as glycollate of 
sodium increased the metabolism 0.88 calory. 

6. Hydrochloric acid, 1.8 gm., caused the metabolism to in- 
crease 1.6 calories per hour. 

7. Glycine, 9.55 gm., containing 20 calories and neutralized 
with sodium bicarbonate, caused the heat production to rise 
5.3 calories per hour. Neutralization therefore did not avail to 
reduce the activity of the product. 

8. Glucose, 58 gm., and glucose, 50 gm., plus lactic acid, 8 gm., 
manifest exactly the same increases above the basal metabolism, 
4.7 and 4.6 caloriesrespectively. Lactic acid therefore behaves like 
an intermediary metabolite of glucose and not like alanine which 
would have shown a summation effect. 

9. Glucose, 50 gm., plus acetic acid, 3 gm., shows an increase 
of 7.23 calories per hour. This indicates a summation of the in- 
fluences of the two factors involved; it is identical with the be- 
havior of glucose and fat when given together; it supports the con- 
ception that acetic acid is an intermediary metabolism product 
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TABLE X1I—General Sum 
Calories. 
Experi- 

Date. ment Time. 

No. Protein. Indirect. | 
1920 

Jan. 12 4 1|11.52-12.52 3.50 | 18.96 | 22.46 
12.52- 1.52 3.50 | 16.59 | 20.09 
42.55 
6 (|11.15-12.15 3.50 | 13.16 | 16.66 
12.15- 1.15 3.50 | 15.43 | 18.93 
39.59 
7 (|11.11-12.11 3.50 | 14.62 | 18.12 
12.11- 1.11 3.50 | 14.91 | 18.41 
30.53 
10 {|11.28-12.28 3.50 | 17.99 | 21.49 
12.28- 1.2 3.50 | 14.92 | 18.42 
39.91 
aie 11 {11.30-12.30 3.50 | 17.92 | 21.42 
12.30- 1.30 3.50 | 16.22 | 19.72 
41.14 
ae 12 |11.44-12.44 3.50 | 16.80 | 20.30 
12.44— 1.44 3.50 | 17.45 | 20.95 
41.25 
ae 13 | 1.40—- 2.40 3.50 | 17.95 | 21.45 
2.40— 3.40 3.50 | 15.68 | 19.18 
40.63 
ae 14 {11.23-12.23 3.50 | 16.00 | 19.50 
12.23- 1.23 3.50 | 15.93 | 19.438 
38.93 
Feb. 5 19 (|11.47-12.47 3.50 | 13.09 | 16.59 
12.47- 1.47 3.50 | 13.03 | 16.53 
33.12 
20 |11.30-12.30 3.50 | 17.13 | 20.63 
12.30-— 1.30 3.50 | 14.88 | 18.38 
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Dog XIX. 
Body temperature. ; 
pac Behavior of dog. Food. 
rt, | End. |Difference. 
ky. 
96 10.60 | Quiet. Acetic acid, 3 gm.; meat extract, 
38.06 Single movements. 2.5 gm.; water, 400 cc. at 
—0.20 10.40 a.m. 
95 10.57 | Quiet. 
37.76 Slight movements. Basal metabolism. 
—0.19 
0 10.57 | Moving 1 minute. Meat extract, 2.5 gm.; water, 
37.90 Quiet. 350 ce. at 10.30 a.m. 
—0.30 
1 10.57 | Slight movement. Lactic acid, 4.8 gm.; meat extract, 
37.96 Occasional movement. 2.5 gm.; water, 400 cc. at 
+0.05 10.17 a.m. 
13 10.55 | Slight movement. Lactic acid, 4.8 gm.; meat extract, 
38.21 Single movements. 2.5 gm.; water, 400 cc. at 
+0.08 10.40 a.m. 
P 10.52 | Quiet. Acetic acid, 3 gm.; meat extract, 
38.14 Moving 3 minutes. 2.5 gm.; water, 400 cc. at 
—0.11 10.21 a.m. 
23 10.32 | 3 slight movements. Acetic acid, 3 gm.; meat extract, 
38.12 Quiet. 2.5 gm.; water, 400 cc. at 
—0.11 12.35 p.m. 
1b 10.35 | Slight movement. Water, 400 cc.; meat extract 
38. 45 Many slight movements. 2.5 gm. at 10.34 a.m. 
+0.30 
« 
21 10.27 | Quiet Basal metabolism. 
38.10 
—0.11 
W 10.30 | Quiet Glycollic acid, 7.6 gm.; meat ex- 
37.73 - tract, 2.5 gm.; water, 400 cc. 
—0.34 at 10.35 p.m. 
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Calories. 
Experi- 
Date. ment Time. Oz R. Q. H20 
No. Protein. | Bl Indirect. Direct 
1920 gm. gm. gm. 
Feb. 9 91 +(11.20-12.20' 6.72 | 5.93 | 0.82 8.35 3.50 | 16.29 
7: ae 22 |11.16-12.16) 7.22 | 5.55 | 0.95 9.93 3.50 | 15.59 
12.16— 1.16) 7.09 | 5.29 | 0.97 7.86 3.50 | 14.74 
23 1.36) 5.84 | 5.12 | 0.83 7.56 3.50 | 13.58 
1.36-— 2.36) 5.69 | 5.19 | 0.80 7.48 3.50 | 13.67 
Mar. 16 24 '11.28-12.28) 6.26 | 5.30 | 0.86 | 10.23 3.21 | 14.65 
12.28- 1.28) 5.42 | 5.37 | 0.73 8.97 3.21 | 14.30 
25 +|11.40-12.40) 5.88 | 5.15 | 0.83 9.34 3.50 | 13.68 
12.40— 1.40) 5.64 | 5.34 | 0.77 8.48 3.50 | 14.04 
* -@ 26 |10.57-11.57| 6.99 | 5.46 | 0.93 9.58 3.50 | 15.20 
11.57-12.57| 7.08 | 5.76 | 0.89 8.83 3.50 | 16.07 
“« 27 | .28 |11.00—-12.00) 6.63 | 5.63 | 0.86 | 10.85 3.50 | 15.43 
12.00— 1.00) 6.64 | 5.80 | 0.83 9.99 3.50 | 15.89 
~ @ 29 2.28-— 3.28) 5.61 | 5.19 | 0.78 9.15 3.50 | 12.10 
3.28- 4.28) 6.07 | 6.02 | 0.73 8.72 3.50 | 14.62 
Apr. 6 32 1.06— 2.06) 5.82 | 5.41 | 0.78 8.22 3.50 | 14.33 
2.06— 3.06) 5.65 | 5.75 | 0.71 8.27 3.50 | 15.19 
” 8 33 |12.05- 1.05) 6.57 | 5.75 | 0.838 9.02 3.50 | 15.72 
1.05- 2.05) 6.26 | 5.70 | 0.80 8.91 3.50 | 15.39 
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Sek 


iontinued. 
Body temperature. ; 
ee Behavior of dog. Food. 
wt. | End. (Difference. 
60 | 38.48 | —0.12 | 10.27 | Moving 3 minutes. Meat extract, 2.5 gm.; water, 
400 cc. at 10.40 a.m. 
61 10.05 | 1 minute slight action. | Glycollic acid, 7.6 gm.; meat ex- 
37.44 Quiet. tract, 2.5 gm.; water, 400 cc. 
—0.17 at 10.38 a.m. 
by 10.05 | Slight movement. Meat extract, 2.5 gm.; water, 
37.67 Restless. 400 cc. at 10.50 a.m. 
+0.10 
37 10.02 | Quiet. Basal metabolism. 
38.05 
—0.32 
vi 10.00 | Slight movement. Meat extract, 2.5 gm.; water, 
37.90 74 ” 400 cc. at 10.50 a.m. Some 
—0.07 vomited and water given in 
place of vomitus. 
Ay 10.01 | 3 minutes slight action. | Glycollic acid, 7.6 gm.; meat ex- 
37.78 tract, 2.5 gm.; water, 400 cc. 
—0.19 at 10 a.m. 
19 10.05 | Quiet. HCl, 1.8 gm.; meat extract, 
37.99 Slight movement. 2.5 gm.; water, 300 cc. at 
—0.20 10.11 a.m. 
9.90 | Quiet. Basal metabolism. 
MY 9.85 | Quiet. Basal metabolism. 
| 37.76 
—0.08 
2 9.80 | Quiet. Lactic acid, 8 gm.; NaHCO,, 
38.05 sy 8 gm.; meat extract, 2.5 gm.; 
—0.17 water, 400 ce. at 11.17 a.m. 
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Calories. 
Experi- 
Date. ment Time. Oz R. Q. H20 
No. Protein.| Indirect. 
1920 gm. gm. gm 
Apr. 9 | 34 |11.28-12.28| 5.99 | 5.35 | 0 8.91 3.50 | 14.28 | 17.78 | 16.4h9 
t 12.28— 1.28) 5.49 | 4.85 | 0.82 8.13 3.50 | 12.63 | 16.13 | 16.% 
4 33.91 | 33.2 
12 | 35 |12.25- 1.25) 5.58 | 5.15 | 0.79 | 8.45 3.50 | 13.49 | 16.99 | 16.876: 
H 1.25— 2.25) 5.82 | 5.38 | 0.79 | 8.06 3.50 | 14.26 | 17.76 17.% 
| 34.75 | 4.80 
| “ 43 | 36 |12.40- 1.40) 6.63 | 5.99 | 0.81 | 11.83 | 3.50 | 16.39 | 19.89 | 18.5961 
| 1.40- 2.40] 6.11 | 5.44 | 0.82 | 10.69 | 3.50 | 14.60 | 18.10 | 17.83 
37.99 | 36.42 
| "ae 37 =|11.38-12.38) 7.04 | 5.73 | 0.89 | 10.80 3.50 | 15.96 | 19.46 | 17.13 Ee 
12.38— 1.38) 6.31 | 5.43 | 0.85 | 9.80 3.50 | 14.70 | 18.20 | 16.2% 
1.38— 2.38) 6.46 | 5.25 | 0.89 9.43 3.50 | 14.31 | 17.81 | 17.82 


a 38 | 1.34- 2.34 5.65 | 5.10 | 0.81 | 12.53 3.50 | 13.40 | 16.90 | 16.75 9.9 


it “ 92 | 39 |11.16-12.16| 8.35 | 7.18 | 0.85 | 6.96(?)*| 7.914] 15.82 | 23.78 |(23.94)8.0 
i 12.16— 1.16| 7.77 | 6.70 | 0.84 | 6.96 7.91t| 14.25 | 22.16 | 21.4 
: 1.16- 2.16) 6.33 | 5.85 | 0.79 | 6.41 6.514] 12.64 | 19.15 | 19.88 
i 65.09 | 64.95 
Y May 1 | 42 |10.44-11.44| 6.56 | 5.32 | 0.90 | 11.26 3.50 | 14.56 | 18.06 | 19.481 
11.44-12.44| 6.22 | 5.81 | 0.78 | 10.49 | 3.50 | 15.66 | 19.16 | 18.04 
i 37 22 | 37.38 
“« 4) 43 | 1.02- 2.02) 5.77 | 5.09 | 0.82 | 14.44 3.50 | 13.45 | 16.95 | 17.72 B1 
“ 10 | 44 /11.32-12.32) 9.14 | 5.96 | 1.12 | 12.71 3.50 | 17.61 | 21.11 | 21.71 f4 
i 12.32- 1.32| 9.36 | 6.64 | 1.03 | 12.33 3.50 | 19.72 | 23.22 | 20.8 
i 1.32- 2.32) 9.12 | 6.69 | 0.99 | 11.81 3.50 | 19.77 | 23.27 | 20.97 
; 67.60 | 63.66 
“« 12 | 46 /11.24-12.24! 8.87 | 6.68 | 0.97 | 14.13 3.50 | 19.64 | 23.14 | 21.56 B.0 
12.24- 1.24) 8.90 | 6.04 | 1.07 | 12.75 3.50 | 17.75 | 21.25 | 19.78 
1.24~ 2.24! 9.27 | 6.60 | 1.02 | 11.73 3.50 | 19.57 | 23.07 | 22.14 
67 .46 | 63.48 
* Water estimated. 


t Including amino-acid. 
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Body temperature. ‘ 
d eee Behavior of dog. Food. 
_| End. /|Difference.| 
7.99 9.90 | Quiet Meat extract, 2.5 gm.; water, 
37.73 = 400 cc. at 10.30 a.m. 
—0.26 
f. 9.80 | Quiet Basal metabolism. 
38.01 7 
—0.34 
) B19 9.80 | Quiet Lactic acid, 8 gm.; NaHCO,, 
} 38.07 = 7.6 gm.; meat extract, 2.5 gm.; 
—0.12 water, 400 cc. at noon. 
! 35 9.67 | Quiet Sodium glycocholate, 10 gm.; 
meat extract, 2.5 gm.; water, 
37.38 400 cc. at 11 a.m. 
—0.17 
1.92 | 37.84 | —0.08 | 9.65 | Quiet Basal metabolism. 
¢ 9.65 | Quiet Glycine, 9.55 gm.; NaHCOs, 10.7 
“i gm.; meat extract, 2.5 gm.; 
38.42 . water, 300 cc. at 10.33 a.m. 
+0. 42 
ig 9.60 | Quiet. NaHCO;, 8 gm.; meat extract, 
38.00 3 minutes moving. 2.5 gm.; water, 300 cc. at 
—0.18 10.10 a.m. 
13 37.85 | —0.28 | 9.60 | Quiet. NaHCO;, 8 gm.; meat extract, 
2.5 gm.; water, 300 cc. at 
11.08 a.m. 
8 9.55 | Quiet. Glucose, 50 gm. ; lactic acid, 8 gm. ; 
os meat extract, 2.5 gm.; water, 
38.48 " 400 cc. at 10.35 a.m. 
| +0 
8.04 9.65 | 3 minutes movement. | Glucose, 50 gm.; lactic acid, 
3 aes sas 8 gm.; meat extract, 2.5 gm.; 
38.14 Slight ™ water, 400 ce. at 10.30 a.m. 


+0.10 
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| Calories. 

Date ment | H:0 
No. Protein. Indirect.} 

1920 qm. 
May 13 47 13.81 3.50 | 18.66 | 22.16 
12.87 3.50 | 18.90 | 22.40 
11.73 3.50 | 17.95 | 21.45 
66.01 
+ ae 48 12.04 3.50 | 20.63 | 24.13 
12.33 3.50 | 21.96 | 25.46 
11.84 3.50 | 18.32 | 21.82 
71.41 
* ae 49 14.18 3.50 | 22.08 | 25.58 
12.99 - 3.50 | 20.68 | 24.18 
12.01 3.50 | 16.52 | 20.02 
69.78 
= 50 15.27 3.50 | 19.32 | 22.82 
13.51 3.50 | 18.39 | 21.89 
13.12 3.50 | 16.96 | 20.46 
65.17 


Direct, 
| 21.02 
| 21.15 
| 21.3 
| 63.48 
| 21.76 B 
| 23.22 
| 20.1 
65.13 
22.57 
| 22.85 
65.03 
22.48 
| 21.18 
19.13 
| | 62.79 
| 
i 
{ 
XL 
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u}—Concluded. 
Body temperature. 
Behavior of dog. Food. 
Hstart. | End. |Difference. 4 
9.70 | Quiet. Glucose, 58 gm.; meat extract, 
° 2.5 gm.; water, 400 cc. at 
38.18 14 minutes moving. 10.40 a.m. 
+0.05 
9.70 | Quiet. Glucose, 50 gm.; acetic acid, 
- 3 gm.; meat extract, 2.5 gm.; 
38. 21 water, 400 cc. at 10.05 a.m. 
—0.06 
9.70 | Restless. Acetic acid, 3 gm.; glucose, 50 
Quiet. gm.; meat extract, 2.5 gm.; 
38.33 es water, 400 ce. at 10.25 a.m. 
+0. 28 
9.72 | 3 minutes movement. Glucose, 58 gm.; meat extract, 
Quiet. 2.5 gm.; water, 400 cc. at 
38.14 3 minutes movement. 10.40 a.m. 


+0.17 
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of fatty acid by $-oxidation; it renders questionable the idea that 
acetic acid is an intermediary product of glucose metabolism. 


I wish to express my obligation to Miss Sophia A. Taistra who 


made the urinary analyses and assisted in the entire work. 
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ANIMAL CALORIMETRY. 
NINETEENTH PAPER. 


THE INFLUENCE OF ACIDS UPON THE CARBON DIOXIDE-COM- 
BINING POWER OF THE BLOOD PLASMA. 


By SOPHIA A. TAISTRA. 


(From the Physiological Laboratory of Cornell University Medical College, 
New York City.) 


(Received for publication, October 13, 1921.) 


The demonstration by Lusk (1) that the ingestion of glycine 
and alanine caused great increases in the heat production has led 
to the question, considered in the last paper, whether acid radicles 
are the cause of those increases in metabolism defined under the 
head of the specific dynamic action of foodstuffs. In former 
papers of this series the influence of the concentration of glucose, 
amino-acids, and of fat in the blood, as bearing upon the intensity 
of the metabolism of those substances in the cells, has been dis- 
cussed. This paper deals with the reduction in the quantity of 
sodium bicarbonate in the blood after administering acid sub- 
stances to Dog XIX in quantities which are comparable with the 
amounts which were given to it in the calorimeter experiments 
described in the last paper. It is known that the reduction in 
alkali reserve of the blood plasma does not change the actual 
hydrogen ion concentration of the medium. The method used 
was to determine the change in the carbon dioxide-combining 
power of the plasma with the apparatus of Van Slyke. 

Van Slyke, Stillman, and Cullen (2) have found in man that, 
after taking a ‘‘mixed diet” at breakfast, the CQ.-combining 
power of the blood was usually increased, which does not indicate 
a production of acid metabolites as a cause of the specific dynamic 
action of the ingested food. 

The different substances were always given in a broth contain- 
ing Liebig’s extract of beef. The results may thus be tabulated: 
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HOURS AFTER INGESTION OF SUBSTANCE 


Curart 1. Showing the curves of the carbonic acid-combining power of the blood plasma after giving various 


metabolites to a dog. 
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It is evident from this that glucose, 50 gm., and acetic acid, 
3 gm., which cause the greatest increases in metabolism, have no 
effect whatever upon the carbon dioxide-combining power of the 
blood, whereas glycollic acid, lactic acid, and hydrochloric acid, 
which have comparatively little influence upon the heat produc- 
tion, produce a profound depression of the CO2-combining power. 
The specific dynamic influence of the foodstuffs is therefore not 
attributable to the introduction of acid metabolites in the blood 
stream. Chart | illustrates these relations. 

The absence of any effect upon the CO.-combining power after 
giving acetic acid indicates its rapid utilization. The fact that 


TABLE II. 
Influence of Various Metabolites upon the Acidity of the Urine of Dog XIX. 
Urine. 
Experi- oe Volume 0.1N 
ment State of nutrition. of broth alkali in 
given. | Period. | Volume. | fo. Per 
neutralize 
urine. 
ce hrs. ce. ce. 
1 Liebig’s extract, 2.5 gm. 500 5 405 6.3 
2 Glucose, 50 gm. 400 4 355 2.6 
3 ag 50 “ 150 4 155 1.8 
4 Acetic acid, 2.5 gm. 500 2 390 6.0 
5 400 2 270 6.3 
6 Glycollic acid, 7.6 gm. 400 2 245 25.6 
7 Lactic acid, 8 gm. 500 6 526 12.3 
500 4 340 12.3 
10 HCl, 0.8 gm. 200 4 145 4.4 
HCl1,1.6 “ 300 4 225 11.8 


glucose, given in the excess here provided, causes no change in 
the CO.-combining power, indicates that no lactic acid can be 
produced from it in such a manner as to influence by neutraliza- 
tion the alkali reserve of the blood. If lactic acid is formed intra-_ 
cellularly or upon the surface of the cell during the metabolism 
of glucose, thereby producing a stimulation of metabolism, its 
effect must be strictly local as it cannot modify the alkaline re- 
serve of the blood. The above experiments demonstrate that 
lactic acid, if it once enters the blood, may cause a significant 
fall in the alkali reserve. 
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In several of the above experiments the urine was titrated to 
the neutral point, using 0.1 N NaOH against phenolphthalein as 
indicator. 

The results appear in Table II. 

The figures here reported merely emphasize the fact that after 
giving glucose and acetic acid the blood is under no necessity of 
compensating for a gain in acid radicles by eliminating such 
through the kidney, whereas in the case of glycollic and lactic acids 
such a stress is indicated. 


CONCLUSION. 


The specific dynamic action of the foodstuffs is not dependent 
upon the level of the alkaline reserve of the blood plasma as meas- 
ured by its CO.-combining power. 
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ANIMAL CALORIMETRY. 
TWENTIETH PAPER. 


THE INFLUENCE OF THE INGESTION OF MEAT AND OF GLYCINE 
AND ALANINE UPON THE CARBON DIOXIDE-COMBINING 
POWER OF BLOOD PLASMA. 


By ALFRED CHANUTIN. 


(From the Physiological Laboratory of Cornell University Medical College, 
New York City.) 


(Received for publication, October 13, 1921.) 


The problem is but an extension of that presented in the last 
two papers and may be stated in the words: Do the amino-acids 
formed after the ingestion of meat by a dog so reduce the alkali 
reserve of the blood that this becomes a contributing cause of the 
great increase in heat production known as the specific dynamic 
action of meat? Hasselbalch (1) observed a lower COs tension of 
the alveolar air after administering a meat diet to a man than 


TABLE I. 


Influence of Meat, Glycine, and Alanine Ingestion upon the CO2-Combining 
Power of the Blood Plasma of the Dog. 


CO2-combining power of 100 cc. of plasma. 
Experi- 
Date. —_— State of nutrition. Hrs. after the start. 
1920 ce. | cc. | | | | 
Sept. 27 1 Beef, 940 gm. 59.8 68.7 63.0 63.4 
Oct. 5] 2 g10 64.8/71.361.5| 
3 “1,000 “ 61.9'63.8'64.8169. 4/68. 4/67.5|61.0 
1981 
May 21 4 “1,000 “ 65. 0/65. 5)\69.4 70.3 69.4 
5 Glycine, 15 gm. 58.4/63.3'64. 2 62.2 
6 15 “ 62.9/69. 7 60. 9 
Apr. 13 7 Alanine, 15 gm. 65.7)/69. 5'67.6 
May 9 8 15 “ 65.967. 867. 8 66.8'65.0 
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486 Animal Calorimetry 


after giving an alkaline vegetarian diet, which might be interpreted 
as signifying that the latter caused a greater increase in the 
alkaline reserve than was brought about by the meat diet. 

The amino-acids were administered as heretofore in a warm 
broth containing. 2.5 gm. of Liebig’s extract and 500 cc. of water. 

It is apparent from Table I that there is always an increase 
in the CO.-combining power of the blood following the ingestion 
of meat, of glycine, or of alanine. The broth itself was without 
influence. 

It is possible that the interpretation of Erdt (2) is correct, 
that the rise in the CO, tension in the alveoli which follows the 
taking of a meal is due to the secretion of hydrochloric acid by 
the gastric juice. 


CONCLUSION. 


It is apparent that the ingestion of meat or of amino-acid de- 
rivatives of meat may materially increase the alkali reserve of 
the organism of a dog, as measured by the CO2-combining power 
of the blood plasma. Since the administration of bicarbonate of 
sodium has no influence upon the heat production of a dog (Paper 
18), it is evident that the great increase in the heat production 
which takes place during the hours immediately after the inges- 
tion of meat in not determined by any change in the alkaline 
reserve of the blood, nor can such change be interpreted as being 
even a participating element in the causation of the phenomenon. 
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THE MICRO DETERMINATION OF CALCIUM IN WHOLE 
BLOOD, PLASMA, AND SERUM BY DIRECT 
PRECIPITATION. 


By GUY W. CLARK, 


(From the Department of Biochemistry and Pharmacology, University of 
California, Berkeley.) 


(Received for publication, October 4, 1921.) 


Methods for the determination of calcium, if classified accord- 
ing to the manner of obtaining solutions from which the calcium 
may be precipitated, fall into three groups: (1) Destruction of the 
organic matter (proteins) by ashing or by digestion with an oxi- 
dizing mixture and solution of the ash in hydrochloric acid (1-8). 
(2) Precipitation of the proteins, as by picric, tungstic, or tri- 
chloroacetic acids, and use of aliquot part of the filtrate (9, 10). 
(3) Direct precipitation, in the presence of proteins, so far only 
applied to whole blood, plasma, and serum (11-15). 

Although every method utilizes the oxalate ion for the precipi- 
tation of calcium, considerable variation is observed in the manner 
of obtaining the H ion concentration at which pure calcium oxa- 
late is most completely precipitated. After obtaining the washed 
calcium oxalate the following procedures have been used for the 
actual estimation of the calcium: 

1. Gravimetrically, by conversion to CaO or CaSO, and weigh- 
ing (1, 2, 11). 


2. Volumetrically; (a) by titration with potassium perman- — 


ganate (3, 6-8, 10, 12-15) and, (b) by solution in excess acid and 
titration of excess acid (5). 
3. Nephelometrically, by conversion into a calcium soap (9). 
4. Colorimetrically, by decolorization of ferric thiocyanate with 
oxalates (4). 4, 


~ 


5. Iodometrically, by sana CaO in excess HCl, the excess 
acid then determined #¥ estimating the amount, of iodine liber- 
ated (5). 5 + 6 Ht > 3 HLO + 
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488 Micro Determination of Calcium 


In 1917 the writer began some investigations on calcium metab- 
olism! in which it was desirable to determine calcium in small 
amounts of whole blood and plasma. Although several micro 
methods for the determination of calcium in blood and other bio- 
logical fluids were then available in the literature it soon became 
evident from experiments that the results obtained by the dif- 
ferent methods showed large variations. Because of this lack of 
agreement in results the writer decided to make a general survey 
of several of the most promising methods. In order to make a fair 
comparison it was necessary to acquire certain technique for 
each method; this made the task very tedious and involved a 
large number (more than 2,000) of calcium determinations. 

In the analysis of biological material the destruction of organic 
matter by ashing the sample in platinum, although a very old pro- 
cedure, is still much used, and is commonly taken as the basis in 
establishing the accuracy of new methods. In ashing blood sam- 
ples the loss of calcium occurs principally through: (1) the ex- 
pulsion of small particles by the rapidly evolved gas, during the 
early stages of incineration; and (2) failure to dissolve completely 
the fused residue remaining after the destruction of the organic 
matter. It is necessary to digest the residue in hot hydrochloric 
acid (6 N) for approximately 1 hour to insure complete solution. 
Aside from the difficulties of ashing and subsequent solution, the 
remaining objection to this method is the amount of time required 
(evaporation, ignition, solution, filtration). However, if carried 
out in a way to minimize the losses, the method undoubtedly 
affords accurate results, and in the experimental work of this paper 
has been taken as the standard with which the results of other 
methods were compared. 

While the destruction of organic matter with hot, concentrated 
nitric acid according to the method of Marriott and Howland (4) 
gave fair results (see Table I), the method has no advantages over 
ashing in platinum and has the following additional disadvan- 
tages: (1) It is more difficult to prevent mechanical losses during 
digestion, as most samples, especially whole blood, foam abun- 
dantly. (2) The digestion in glassware, even of the best grade,? is 
a questionable procedure, where such small amounts of calcium are 


1 Unpublished work. 
? The small Pyrex flasks were all etched during the digestion. 
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to be determined. (3) The increased time required to complete 
the digestion and evaporate the excess acid, 3 or more hours being 
necessary for this one step. | 

In beginning the experimental work on calcium, Lyman’s (9) 
nephelometric method was selected, because of the apparent 
rapidity with which determinations could be made. A large num- 


TABLE I. 


Determination of Calcium after Destruction of Proteins by Digestion with 
Nitric Acid—Also the Recovery of Added Calcium. 


Total Ca. 
Ca present in sample. | “‘Guount of Added Ca recovered. 
Present. 


Horse plasma, 5 cc. samples. 


mg. mg. mg. mg. mg. per cent 
0.576 
0.567 
0.584 
0.577 
0.564 
0.591 
0.555 

0.396 0.969 0.955 0.382 96.5 

0.264. 0.837 0.834 0.261 98.8 

0.352 0.925 0.940 0.367 104.2 


0.587 Sample ashed in platinum for 
Average... .0.573 comparison. 


* The calcium was precipitated according to the Halverson-Bergeim 
(10) modification of McCrudden’s (24) method. 

tT Calculation based on the assumption that the amount of calcium added 
was 100 per cent accurate. 


ber of determinations made’ on solutions of known calcium con- 
tent (z.e., different strength standard solutions of calcium nitrate 
prepared according to Lyman’s directions) gave such discordant 
results that but few determinations were made on blood samples. 


* These determinations were made in 1917 by H. A. Mattill and the 
writer, Department of Nutrition, University of California. The work was 
arranged so that one of us made up the unknowns and standards, and the 
other made the nephelometric readings. 
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490 Micro Determination of Calcium 


Lyman (9) emphasizes the clarity of the ammonium stearate 
reagent‘ as a prerequisite to the successful use of the method, but 
neglects to take consideration of other possible sources of error: 

(1) The precipitation of the blood proteins is made in too small 
a volume (a total of 20 cc.) which, thr6ugh slight variations in the 
rate of adding the blood to the trichloroacetic acid, influences the 
distribution (by varying the amount occluded and adsorbed) of 
calcium. It was thought possible to prove this point through a 
series of analyses made on the regular aliquot, the remaining 
filtrate, and the precipitate, but most of the work along this line 
was rendered valueless because it was necessary to conduct the 
ashing of the protein precipitates in either porcelain or silica 
dishes.’ The data presented in Table II include only those deter- 
minations in which the protein precipitates were ashed in plat- 
inum. It is also evident from data presented in Table IX that 
the highest calcium values are obtained from filtrates prepared by 
this method, and also that dilution (to 50 cc.) gives results which 
compare favorably with those obtained by the standard method 
(7.e., ashing in platinum). 

(2) Since the number of colloidal particles present in a given 
volume forms the basis for the actual determination by this method 
and since the stability of colloidal suspensions in general is altered 
by changes in the H ion concentration it would appear that more 
emphasis should be placed on the maintenance of a more definite 
H ion concentration. The calcium stearate solutions are poorly 
buffered, and relatively small variations in the addition of the 
nitric acid (in amount or in normality) would appreciably change 
the true H ion concentration and thereby modify the colloidal 
calcium stearate particles, both as to numbers and size. It was 
pointed out by Halverson, Mohler, and Bergeim (16), and more 
recently by Kramer and Howland (8) that the normal values 
obtained by this method show unusually large variations. 


‘ Three different lots of this reagent were prepared (all with tested Kahl- 
baum chemicals), and the last one, made up in November, 1917, is clear 
at the present writing. 

5A platinum dish was lost in ashing the precipitates of deproteinized 
whole blood (iron and phosphorus?). Ashing in porcelain or silica is unde- 
sirable since the alkaline phosphates attack these dishes and make it very 
dificult to dissolve the fused residue. With porcelain considerable extra 
calcium is recovered. 


G. W. Clark 491 
TABLE II. 
Determination of Calcium in Trichloroacetic Acid. Filtrates and 
Precipitates.* 
Ca determined in Ca per 100 cc. of 
remainder of sample.| plasma. 
Total 
of | Ca deter- |Calculated 
mined in| _ from from 
taken aliquot. | Precipi- wera _ 
|washings.t tate.f aliquot. of 
complete 
sample 
Horse 1, Plasma sample I. 
ce. cc. mq. mg. mg. mg. mq. mg. 
10 2.5 0.269 | 0.231 0.054 | 0.554 10.76 | 11.08 
10 2.5 0.261 | 0.251 0.054 | 0.566 10.44 |} 11.32 
16+ ¢ 0.444 | 0.120§ | 0.020 | 0.584 11.68 
16+ f 0.437 | 0.120§ | 0.018 | 0.575 11.50 
0.570§ 11.40 
0.568§ 11.36 
Horse 3, Plasma sample I. 
10 2.5 0.390 | 0.222 0.065 | 0.587 12.00 | 11.74 
0.606|| 12.12 
0. 606|| 12.12 
Rabbit ‘‘M,”’ Plasma sample I. 
10 2.5 0.322 | 0.205 0.089 | 0.616 12.88 | 12.32 
10 2.5 0.332 | 0.237 0.108 | 0.677 13.28 | 13.54 
0.613 12.26 
Rabbit ‘““M,” Plasma sample II. 
10 2.5 | 0.283] 0.201 | 0.072| 0.556 | 11.32] 11.12 


* Deproteinized exactly as described by Lyman (9). 
+ The calcium was precipitated according to the Halverson-Bergeim (10) 


method. 


t Represents all of the filtrate. 
§ Washings only. 
| Samples ashed in platinum, residues dissolved in hot (6 N) hydrochloric 
ali evaporated to small volume (1 to 2 ce.), and the calcium precipitated 


by the Halverson-Bergeim method (10). 
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Subsequent to the abandonment of the nephelometric method 
the writer developed a procedure! which was, except for the use 
of picric acid as protein precipitant, practically identical with 
that published by Halverson and Bergeim (10). Although 
these authors state that picric acid may be sufficiently purified for 
their procedure by recrystallization from hot water, solutions pre- 
pared from different lots of picric acid purified in this manner 
exhibit marked variations in the shade and intensity of color, and 
as the deeper color makes it more difficult to observe the changes 
of indicators during neutralization, it is desirable to purify this 
reagent according to the method of Folin and Doisy (17). In 
using the Halverson-Bergeim procedure (10) the writer found that 
the use of alizarin (alizarin monosodium sulfonate) gave high re- 
sults when the calcium was determined by titration with potas- 
sium permanganate. Relatively large amounts of this dye are 
carried down® when centrifuging and, although a water-soluble 
substance, the amount adsorbed by the washed calcium oxalate 
is sufficient to materially increase the amount of permanganate. 
A few trials showed that acid solutions of alizarin are readily 
oxidized by potassium permanganate (0.05 cc. of a 1 per cent 
alizarin solution + 5 cc. of N sulfuric acid heated to 75°C. required 
0.65 cc. of 0.01 N potassium permanganate. 5 cc. of the same 
acid and at the same temperature require 0.05 cc. of the perman- 
ganate). Methyl red (o-carboxybenzeneazodimethylaniline) is 
very satisfactory as an indicator and is not carried down with the 
calcium oxalate. The tungstic acid method (18) of deproteini- 
zation should not be used if calcium is to be determined in the 
filtrate. Experiments show that the calcium values obtained from 
these tungstic acid filtrates are much lower (by approximately 35 
per cent) (see Table III). Heating the precipitated mixture in a 
water bath for 2 or 3 minutes gives still lower calcium values (see 
Table IX). It has been shown by the experiments of Rona and 
Takahashi (19), Cushny (20), von Meysenbug, Pappenheimer, 
Zucker, and Murray (21) that from 25 to 40 per cent of the total 
calcium (horse, beef, pig, dog, man) is present as a non-diffusible 
compound. It is possible that the low calcium values obtained 
after deproteinization with tungstic acid may be due to the low H 


¢ Several lots of this indicator were prepared (0.2 per cent solution) 
and all were equally adsorbed. 
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ion concentration of the precipitated mixture (pH 3.0), a condition 
that may either be unfavorable to the dissociation of the calcium- 
protein compounds already present or favorable to formation of 
additional calcium-protein compounds. The influence of H ions 
is apparent when other methods of deproteinization are con- 
sidered, since the picric acid and trichloroacetic acid mixtures 
possess a concentraton of H ions sufficient to form soluble calcium 
salts. Although the total amounts of tungstate (380 mg. of WO,) 
and sulfate (160 mg. of SO,) in the mixture are large in compari- 
son to the amount of calcium (0.5 mg. of Ca) it is highly improb- 
able that these are in any way responsible for the calcium values 
(the solubility of either CaSO, or CaWO, in distilled water is 
approximately 2 gm. per 1,000 cc.’). 


Method. 


Whole Blood.—With a pipette place 5 cc. of citrated whole blood® 
in a 25 cc. volumetric flask, with the same pipette add two 5 cc. 
portions of warm water (about 65°C.), mix, and allow to stand 
20 minutes or longer. Add 5 ce. of 1 per cent ammonium chlo- 
ride,? make up to volume with distilled water, mix thoroughly, 
and transfer to a 50 cc. centrifuge tube. Cover the tube with 
rubber dam or paraffined paper (to prevent evaporation and to 
keep out dust) and centrifuge at high speed for 20 minutes.!® 
With a pipette remove 15 cc. or if possible 20 cc., transfer to a 
50 cc. centrifuge tube," and while rotating the tube to agitate the 


7 Figures taken from Van Nostrand’s Chemical annual, New York, 
3rd edition, 1915. 

81 cc. of saturated sodium citrate solution, pH 7.4, (approximately 900 
mg.) per 100 cc. of whole blood. This is the minimum for most blood 
samples. 

* The necessity of this reagent is not completely proved. The presence 
of the additional electrolyte seems to facilitate the sedimentation of the 
light stroma when the mixture is centrifuged. 

10 The deep red supernatant liquid must be clear. To prevent disper- 
sion of the light stroma the centrifuge must slow down very gradually. 

11 The tubes obtained in the market are not satisfactory, as they do not 
stand repeated centrifuging. (The tubes are drawn out too far, making 
very thin walls, and many are not properly annealed.) The writer is 
indebted to Mr. W. J. Cummings, of the College of Chemistry, for making 
special Pyrex tubes, see Fig. 1. 
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liquid slowly add 4 cc. of 3 per cent ammonium oxalate, mix 
thoroughly, and allow to stand over night. Rub down walls of 
the tube with a rubber policeman (washing the policeman with 
a small amount of distilled water), and centrifuge at moderate 
speed (1,800 r.p.m.) until clear, usually 5 minutes is ample time. 
Completely remove the supernatant liquid by means of a siphon, 
stir up the precipitate with a fine stream of cold, distilled water, 
wash down the walls of the tube, using in all approximately 35 cc. 
of water. Centrifuge immediately and completely siphon off the 
wash water. Dissolve the precipitate in 5 cc. of approximately 
normal sulfuric acid, heat to 75°C., and titrate with 0.01 normal 
potassium permanganate.” 

Plasma (or Serum).—Place 1 to 5 ec. of citrated plasma (or 
serum )® in a 50 ce. centrifuge tube and, while rotating the tube, 
slowly add 3 per. cent ammonium oxalate, equal in volume to one- 
half the amount of serum or plasma. Mix thoroughly and allow 
_to stand over night. The remainder of the procedure is the same 
as that described for whole blood. | 


Reagents. 


Potassium Permanganate, Approximately 0.01 N.—After dis- 
solving the salt in the proper amount of water the solution should 
be heated on a steam bath for 36 to 48 hours, or allowed to stand 
at room temperature 10 days or more (22). The solution is then 
filtered through asbestos’ and stored in amber bottles, well pro- 


12 In the titration of calcium oxalate obtained by direct precipitation the 
end-point is not as permanent as in the case of pure inorganic solutions 
and the amount of permanganate necessary for the blank is greater (espe- 
cially true with whole blood). The presence of traces of organic matter 
accounts for the above conditions and in order to decide upon a repro- 
ducible end-point it is advisable for each operator to make a series of pre- 
liminary determinations. The blanks are determined from samples of 
whole blood and plasma which have been treated according to the regular 
procedures except that no oxalate is added. The writer found the follow- 
ing averages for blank determinations: (1) Whole blood = 0.10 cc. of 0.01 
N potassium permanganate; (2) plasma = 0.08 cc. of 0.01 N potassium 
permanganate; and (3) sulfuric acid (5 ce. of N) = 0.05 ce. of 0.01 N potas- 
sium permanganate. 

13 In order to avoid the reducing action of organic matter the asbestos 
should be digested with aqua regia and washed free from chlorides. 
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tected from dust. The standardization is best made with sodium™ 
or calcium oxalate. The oxalates are dissolved in and made up 
to volume with approximately Nn sulfuric acid. Small portions 
(5 to 10 cc.) are then measured into 50 cc. centrifuge tubes, heated 
to 75°C., and titrated. These acid oxalate solutions, if carefully 
protected from dust, etc., may be kept for several months (23) 
and used for subsequent titrations. 

Ammonium Chloride, a 1 Per Cent Solution—This reagent 
should be tested for calcium as follows: 10 gm. are placed in a 
platinum dish and sufficient heat is applied to volatilize the 
ammonium chloride. The ash is dissolved in a minimum amount 
of hot 6 n hydrochloric acid (previously tested for calcium) and 
the calcium precipitated by a modification” of McCrudden’s (24) 
method. 

Sulfuric Acid, Approximately N.—Add 28 cc.'* f concentrated 
c.p. sulfuric acid to 970 cc. of distilled water. 

In any micro method it is necessary to test carefully the reagents 
used and this is especially true when small amounts of such com- 
mon substances as calcium, sodium, etc., are to be determined. 
Since many of the calcium methods make use of some ‘modifica- 
tion of McCrudden’s (24) procedure, the following directions are 
given for the testing and preparation of the necessary calcium- 
free reagents: 

Sodium Acetate, a 20 Per Cent Solution.—If several lots of this 
reagent are available make qualitative tests and select the sample 
showing the smallest amount of calcium.” Dissolve the salt 
(200 gm. of the crystalline salt in a final volume of 1,000 cc.) in 
nearly the required amount of distilled water, add 0.5 per cent of 
ammonium oxalate (this salt should be dissolved in a minimum 
amount of water), and bring to volume. If convenient place in 
a refrigerator (10-12°C.) and allow to stand 48 hours, stirring 
thoroughly once or twice each day. Centrifuge, or filter through 


14 Consult Circular 40, U. S. Bureau of Standards, Dept. Commerce, 3rd 
edition, 1920. Standard samples of sodium oxalate may be obtained from 
the Bureau of Standards. 

16 The writer has made use of the Halverson-Bergeim modification (10). 

16 The 50 cc. of concentrated acid used by Kramer and Tisdall (14) is 
too much. 

17 The writer found calcium in several different lots of this salt. 
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a doubly washed (HCl and HF) paper, and store in parraffin- 
coated bottles. 

Dilute Hydrochloric Acid.—Test the concentrated acid by evapo- 
rating 25 ce. in a platinum dish. Evaporate almost to dryness 
(leave 1 small drop), dilute to a small volume (5 cec.), and pre- 
cipitate the calcium in the regular way.” 

Ammonium Hydroxide, Approximately 2 N.—The writer found 
calcium in many samples of c.P. ammonia.'* It is best to prepare 
this reagent by passing pure ammonia gas into conductivity water. 
During this operation the water should be kept at a low tempera- 
ture (pack container in ice) and sufficient space allowed in the 
receptacle for the increase in volume. Determine the strength 
by titration, and dilute to the desired normality. Store in paraf- 


fin-coated containers. 


1. 


Apparatus. 


Since the centrifuge has become such a generally useful instru- 
ment practically every laboratory is equipped with one or more. 


18 In testing concentrated ammonia for calcium it is best to evaporate 
25 ec. in platinum. Tests for calcium after dilution are often negative 
since a much smaller amount of calcium is present and that which is present 
does not completely precipitate because of the excess of ammonium salts. 
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Aside from this instrument very little is required in the way of 
special apparatus. 

Burette, Capacity 10 Cc.—Graduated in 0.02 cc., and allowing 
for estimation of 0.01 cc. to meet the requirements of the Bureau 
of Standards.!® 

Centrifuge Tubes, Capacity 50 Cc.—Best annealed Pyrex glass. 
See Fig. 1. 

_ Stphon.—A very satisfactory one is deseribed by Halverson and 
Bergeim (10). 


DISCUSSION. 


It has been generally supposed that it is impossible to obtain 
the total calcium of serum or plasma by direct precipitation with 
oxalate, the definite statements to this effect being apparently 
based on the diffusion experiments of Rona and Takahashi (19), 
in which it was found that from 25 to 35 per cent of the total 
calcium of different sera (horse, pig, beef) was present in a non- 
diffusible state. The more recent investigations of Cushny (20) 
and of von Meysenbug, Pappenheimer, Zucker, and Murray (21) 
show approximately the same amount (25 to 40 per cent) of non- 
diffusible calcium in beef, dog, and human sera. If it be granted 
from the results of these different diffusion experiments and from 
the experiments of Pauli and Samee (25), that it is possible for 
calcium-protein compounds to exist, and if we accept the assump- 
tion that much of the blood calcium is present in the form of the 
bicarbonate (Loew, 26; Rona and Takahashi, 19; Brinkman, 27), 
then the following equilibria would be involved: 


(Catt) 2(HCO;-) (Ht) (HCO;-) (Catt) (protein ion) 
Ca(HCO;). H,CO; calcium-protein 


If Ca ions were removed from serum, as by dialysis or precipitation, 
one should then expect a progressive shifting of equilibria until 
finally all of the calcium bicarbonate and the calcium-protein had 
dissociated. The few experiments on record (21) indicate that 
small increases in the H ion concentration, from pH 7.6 to 7.0 
(by changing the CO, tension), have no effect upon the amount 
of diffusible calcium. However, the same experiments show that 


19 Such burettes are obtainable from Emil Greiner and Co., New York. 
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if serum be dialyzed for several days against an isotonic, calcium- 
free solution there is a slow diffusion of calcium which would 
indicate dissociation of the calcium-protein complex. 

Pribram (11), in 1871, was the first to report the direct pre- 
cipitation of the total calcium from serum. After adding an ex- 
cess of ammonium hydroxide to the sample (100 cc.) ammonium 
oxalate was added and the mixture allowed to stand for about 30 
minutes. The calcium oxalate was obtained by centrifugaliza- 
tion and the calcium finally determined by weighing as CaO. 
Gerlach (28) examined some precipitates obtained by this proce- 
dure and found them contaminated with phosphorus and magne- 
sium, results which undoubtedly caused the method to be regarded 
with suspicion and led to the common belief that calcium could 
not be completely precipitated by direct addition of oxalate to 
serum. Lyman (9) was unable, by addition of powdered potas- 
sium oxalate to the whole blood, to precipitate completely the 
calcium from beef and cat sera. In 1919, de Waard (12) described 
a method for the direct precipitation of calcium from serum. Both 
Pfibram (11) and de Waard (12) compare the calcium values ob- 
tained by direct precipitation with those obtained by ashing the 
serum on platinum. If the values obtained by ashing represent 
100 per cent of the calcium then the errors of the respective 
determinations are as follows: 


Pfibram; +1.7, +6.0, +13.3, —1.2, —2.6, +6.5, +9.6 per cent. 
De Waard; +1.1, —0.4, +0.6 per cent. 


Since making the preliminary report (13) on the direct precipita- 
tion of calcium, the writer has found by experiment that the dilu- 
tion of plasma (or serum) with water or 1 per cent ammonium 
chloride was unnecessary,?° and in the procedure outlined in this 
paper, the 3 per cent ammonium oxalate solution is added directly 
to the plasma (or serum). After dilution of the serum with 
approximately an equal volume of water, Kramer and Tisdall (14) 
added sulfuric acid, ammonium chloride and, following the addi- 


20 The precipitated calcium oxalate has been repeatedly examined for 
the presence of phosphorus (after oxidation with hot HNO;), and in no 
case was the test definitely positive. It issomewhat more difficult to prove 
the absence of magnesium. It has been done indirectly in the experiments 
(see Table III) where magnesium was added to the plasma. 
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tion of oxalic acid, a small amount of sodium acetate. This pro- 
cedure would indicate that these authors had attempted to follow 
the details of the macro method as outlined by Fresenius (29), 
Richards, McCaffrey, and Bisbee (30), and McCrudden (24), all 
of whom state that the precipitation of calcium should be made in 
solutions containing ammonium chloride and in the presence of 
relatively high concentration of H ions, traces of calcium being 
finally precipitated by addition of OH ions. Kramer and Tisdall 
have, in a very recent publication (15), simplified their procedure 
so that after dilution of the serum with water the calcium is 
precipitated by addition of saturated ammonium oxalate. 

Where calcium is to be determined by titration with permanga- 
nate it is necessary to remove all adsorbed oxalates, but in the 
micro method the number of washings is also limited, because of 
the appreciable solubility of calcium oxalate in water. According 
to Richards, McCaffrey, and Bisbee (30), who made a number 
of determinations at different temperatures, the solubility of cal- 
cium oxalate at 25°C. is 7 mg. per 1,000 cc. Kohlrausch and 
Rose (31) report 5.9 mg. per 1,000 cc. at 18°C. This would 
mean that if one were working with 0.4 mg. of Ca, which is as 
much as would be found in 3 cc. of any normal plasma, and used 
50 ce. of wash water (assuming the wash water to be completely 
saturated with respect to calcium oxalate), the loss of calcium 
would be approximately 22 per cent. [6.5 mg. (the average) X 
0.27 (the factor) = 1.76 mg. of Ca per 1,000 cc. 0.00176 (mg. 
per ce.) X 50 + 0.4 X 100 = 22.) 

The separation of precipitates from the mother liquors and 
washing fluids by centrifugalization is very thorough and if the 
supernatant fluids are completely removed much less washing is 
required. To facilitate this washing and subsequent removal of 
wash water the writer has made use of a specially shaped centri- 
fuge tube, see Fig. 1. The round bottom centrifuge tube suggest- 
ed by Halverson and Bergeim (10) is undesirable because the pre- 
cipitate is spread over a much larger surface and it is not possible 
to completely remove the supernatant fluid without disturbing 
the precipitate. The tube used by de Waard (7) is also undesirable 
because one must use a capillary pipette for complete removal 
of the supernatant liquid, and, still more important, it does not 
readily permit suspension of the precipitate in the wash water. 
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After trying various ways,”! only one washing of the calcium 
oxalate is included in the author’s method. ‘To minimize the solu- 
tion of calcium oxalate the wash water should be cold, not over 
10°C., and must be removed (by centrifugalization) as quickly as 
possible, not over 15 minutes. To insure complete removal of 
excess Oxalate the precipitate must be thoroughly stirred up and 
the sides of the tube well washed. If a number of samples are to 
be washed it is convenient to have a pressure wash bottle (either 
gravity or compressed air) with a fine outlet. If, for one reason 
or another, a second washing is necessary, it should be carried out 
as quickly as possible. The writer has often titrated portions of 
the wash water (first washing) and finds the following results are 
typical: 


5 cc. of wash water + 5 cc. of sulfuric acid require 0.13 ec. of KMnQ,. 


10 “ “ sulfurie acid require 0.06 ce. of KMnQs. 


Assuming that 0.1 ec. (2 large drops) of wash water remain after 
siphoning, the amount of 0.01 N permanganate required would be 
approximately 0.002 ce. 

In the various quantitative procedures (22, 23, 28) for calcium 
it is customary to allow the solutions to stand several hours to 
insure complete precipitation of traces of calcium. It is reasonable 
to suppose that these so called traces exist in the micro determina- 
tions and that they constitute a greater percentage of the total 
calcium where, as in the case of 3 to% cc. of blood, less than 0.5 mg. 
of calcium is present. In order to determine the conditions neces- 
sary for complete precipitation by the direct method the writer 
made a number of calcium determinations to show the effects of 
the following variations upon the time required and upon the 
amount of calcium recovered: (1) Precipitation from unaltered 
plasma; (2) dilution of plasma with water; (3) dilution of plasma 
with 1 per cent ammonium chloride; (4) addition of excessive 
amounts of various salts (NaCl, NH,4Cl, (NH4)eS04, NaeSO,, etc.) ; 
and (5) a large excess of magnesium (ratio of Ca: Mg =1:11), 
both in the presence and absence of ammonium chloride. 


21 At different times the calcium oxalate was washed with: (1) 0.5 per 
cent ammonium oxalate followed by a second washing with distilled water; 
(2) 0.1 N ammonium hydroxide; and (3) 0.9 per cent sodium chloride. See 
Halverson and Bergeim (10), p. 166. 
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From the results of these experiments, presented in Tables III 
and IV, it is evident that: (1) The time required for complete 
precipitation from unaltered plasma is over 3 hours, which is con- 
trary to the reports of Pfibram (11) and de Waard (12). In this 
connection it may be mentioned that many of the micro methods 
(1, 5, 6, 9, 10) require 4 hours or more for complete precipitation 
of calcium from protein-free solutions. (2) While the dilution 
of plasma with water (2 to 3 volumes) apparently allows a more 
rapid precipitation of the calcium, the reaction is not complete 
in the short time (30 minutes) allowed by Kramer and Tisdall 
(14, 15). This point was not completely proved because the 
dilution decreased the concentration of citrate (the minimum 
amounts being used) to such an extent that a small amount of 
fibrin formed in many of the samples. (3) Dilution of the plasma 
with equal amounts of 1 per cent ammonium chloride or the presence 
of ammonium chloride or sulfate in appreciable amounts (900 to 
2,300 times the amount of Ca) greatly retards the rate of precipi- 
tation, the effects being most pronounced with the sulfate. It is 
also evident that when these solutions stand over night, the pres- 
ence of ammonium chloride has no effect upon the final calcium 
values, while with the sulfate there is a definite loss of calcium. 
(4) The addition of large amounts of magnesium (1 Ca : 11 Mg) 
to plasma has no effect upon the calcium values and contrary 
to the usual inorganic procedures for the separation of calcium in 
the presence of magnesium (22, 23, 28, 29) ammonium chloride 
is not necessary in the direct precipitation from plasma.'® 

Although potassium permanganate has often been utilized in the 
quantitative estimation of calcium (3, 6-8, 10, 12-15), Kriiger (32) 
is the only one to record any data to indicate the accuracy of this 
procedure. The nineteen determinations made by him on dif- 
ferent amounts of calcium (0.398, 0.796, and 1.194 mg.) show a 
maximum single error of 7.87 per cent with an average error of 
2.4 per cent. Jansen (5) objects to the use of dilute permanganate 
solutions because the end-point is not definite and because the 
value of the solution must be redetermined at frequent intervals. 
The last objection does not apply to properly made permanganate 
solutions (22) any more than to any very delicate standard solu- 
tions—since all need frequent standardization, and the objection 
might well be extended to the 0.01 N sodium hydroxide and to the 
0.01 N sodium thiosulfate which he uses. 
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TABLE III. 
Effects of Various Salts on the Quantitative Determination of Calcium by the 
Direct Method. 
Tote 
Ca determined in 3 ee. Bus 
samples.* Salts added.t from — Ca 
precipitated. 
Horse 1, Plasma sample IV. 
| mg. per cent Ars. salts mg. ce 
0.382 16 4.5 
0.391 16 4.5 
0.375 16 (NH,4)2SO, 300 7.5 
0.370? . 96.9 16 (NH,4)2SO,4 300 7.5 
0.380 16 (NH4)2SO, 300 7.5 
0.357 89.6 16 NaSO,§ 300 7.5 
0.336) 16 NaSO,§ 300 7.5 
Horse 1, Plasma sample V. 
0.356) 16 4.5 
0.356>...| 100.0t 16 4.5 
0.359 16 4.5 
0.360)! 100.5 16 
0.359 16 NH,Cl 300 7.5 
— 16 300 7.5 
0.356 16 NaCl 300 7.5 
| 300 7.5 
| 0.347 91.7 16 NH,.NO; 300 7.5 
16 (NH,4)2SO. 300 7.5 
0.336) 
Horse 1, Plasma sample VI. 
0.352? . 100.0 20 6 
} 0.356 20 6 
d 0.349] 98.3 20 
0.338 95.2 0.5 6 
0.343 1.4 6 
| 1.4 7 6 
0.321 90.4 0.25 NH,Cl 30.0 
0.314 85.0 0.5 NH.Cl 30.0 9 
0.290) 0.5 NH,Cl 30.0 
0.329 92.7 1.3 NH,Cl 30.0 ) 
0.354 99.7 17.0 NH,Cl 30.0 9 
| * Calcium precipitated by Halverson-Bergeim method (10). 
+ Salts added in the form of 10 per cent calcium-free solutions, except 
in samples of Horse 1, Plasma VI, where 1 per cent ammonium chloride was 
added. | 
t By assumption, for purpose of comparison. 
§ The anhydrous salt. 
"|| Samples ashed in platinum, residues dissolved in hot (6 N) hydro- 
chloric acid, evaporated to 1 to 2 ec., and calcium precipitated by Hal- 
verson-Bergeim method (10). 
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TABLE I11—Continued. 


ime allowe of flui 
Ca 3 ce. for Salts added.f from which Ca 
— precipitation. was 
| precipitated. 


Horse 1, Plasma sample VI—Continued. 


my. per cent Ars. salts mq. ee. 
0.354\ 08.6 20 NH.Cl 30.0 9 
0.345f 20 NH.Cl 30.0 9 
0.323 90.9 0.25 NH.Cl 30.0 | 16 
0.347 97.7 17.0 NH.Cl 30.0 | 16 


Dog 3, Plasma sample I. 


16 4.5 
0.255 16 4.5 
0.265 16 NH,Cl 300 7.5 
0. 269 99.2 16 NH,Cl 300 
0.253/ ° 16° NH.Cl 10.5 
0.272 16 NH,Cl 600 10.5 
0). 267 16 Mgs0O.§ 9 7.5 
0.269 16 9 7.5 
0.258f 16 MgSO, 9 8.5 
0.267 NH.Cl 100 
16 | MgSO, 9 8.5 
100 

Dog 3, Plasma sample II. i} 
0.258 29 4.5 4 
0.268! 101.1 29 
0. 166 62.6 1 NH.CI 300 7.5 
0.173 65.3 2 NH.,Cl 300 7.5 | 
0.270 101.9 29 NH.C!l 300 7.5 | 
0.120 45.3 1 (NH,)2SO, 300 7.5 i 
0.170 64.1 2 (NH,)2SO, | 7.5 
0.235 88.7 29 (NH,)2SO, 300 7.5 4 

Calf 1, Plasma sample III. i 
0.306 90.0 16 NH.CI 300 7.5 
16 NH,Cl 300 7.5 


* All magnesium sulfate expressed as anhydrous salt. 
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TABLE l1I—Concluded. 


Total volume 


Ca determined in 3 cc. Time allowed sal d f of fluid 
precipitated. 
Calf 1, Plasma sample II]I—Continued. 
mg. per cent Ars. salts mg. ce. 
0.235 75.1 1 NH,Cl 300 7.5 
0.272 86.9 3 NH,Cl 300 7.5 
0.207 66.1 1 (NH4).SO, 300 7.5 
0.272 86.9 3 (NH4)2SO, 300 7.5 
0.313 100.0 16 (NH4)2S04 300 7.8 
Calf 1, Plasma sample IV. 
4.5 
0.304 16 4.5 
16 | MgSO, 3.0 5.5 
0.304 99.3 16 MgSO, 3.0 5.5 
0.308; 16 MgSO, 6.0 6.5 
0.304 99.3 16 MgSO, 6.0 6.5 
0.308) 16 MgSO, 6.0 7.0 
0.306 98.4 16 NH,Cl 50.0 
0.304; 16 MgSO, 6.0 7.0 
NH,Cl 50.0 


The following experiments were made in order to establish more 
completely the accuracy of estimating small amounts of oxalate 
by titration with 0.01 N permanganate: 


Calcium oxalate was prepared from best grade reagents (CaCO;, HCl, 
NH,OH, H2C.O, and the purity of the salt determined by converting 1 
gm. duplicates into calcium sulfate (in platinum) and weighing as such. 
(Tests for Cl and CO: were negative.) Solutions of different calcium con- 
centration were then prepared by dissolving the calcium oxalate in approx- 
imately n sulfuric acid. The exact calcium content of each solution was 
determined as follows: triplicate samples were measured (into platinum 
dishes) from a calibrated burette, evaporated on a water bath (carefully 
protected from dust), dried at 110°C., ignited gently, moistened with sul- 
furic acid, heated to bright redness, and weighed. The treatment with 
sulfuric acid and heat was repeated until a constant weight was obtained. 
Samples for titration, in which the amount of calcium varied from 0.02 
to 0.596 mg., were measured from a 10 cc. burette (calibrated in 0.02 ec.). 
All titrations were made in a volume of 5 ce. of approximately normal 
sulfuric acid at an initial temperature of 75°C. 
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Time Required for the Complete Precipitation of Calcium in the Plasma by 


Ca determined. 


Time allowed for 
precipitation. 


Total volume of fluid 


from whic 


Ca was precipitated. 


Horse 2, Plasma sample I.* 


mg. per cent hrs. ce. 
0.560 2 28.5 
95.7 9 98 5 
0.562 Less than 4. 23.0 
0.565? ..... 95.7 Less than 4. 23.0 
0.574 se Less than 4. 23.0 
0.589 16 23.0 
0.594) 100.0} 11 23.0 
Calf 1, Plasma sample III.f 
86.2 
0. 267 1 
0. 283 3 4.5 
0.2970 93.0 3 45 
0.317 16 4.5 
100.0¢ 16 45 
Dog 3, Plasma sample II.f 

0.166 1 4.5 
0.170f 62.6 1 45 
0.189 2 4.5 
69.8 45 
0.231 3 4.5 
83.7 3 4.5 
0.258 29 4.5 
100.0f 29 45 
0. 268§ 29 


*5 ec. samples of this plasma were diluted with 15 ce. of distilled water 
previous to the addition of 10 cc. of 1 per cent ammonium oxalate. 

+ 3 ec. samples -used for calcium determinations, 1.5 cc. of 3 per cent 
ammonium oxalate added to each. 

t By assumption, for purpose of comparison. 

§ Sample ashed in platinum, etc., calcium precipitated by Halverson- 
Bergeim procedure (10). 
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The results of these determinations (a total of 193) are given in 
Table V. From these data, which, with the exception of about a 


TABLE V. 


Micro Determination of Calcium (in Pure Solution) by Titration of the 
Oxalate with 0.01 Normal Potassium Permanganate.* 


Theoretical amounts 
of Ca taken Error of titration. 
No. of for determination. Manner in which the Ca 
Oo. ie determined varied from the 
Samples. Maximum | Mean for theoretical amount. 
Minimum. | Maximum. of 
sample.t | samples.t 


Solution 1.f Gravimetric determinations; 0.276; 0.277; 0.275 mg. of Ca 


per cc. 
mi. mg. per cent per cent (—) (+) (*) 
76 0.028 | 0.596 | +5.4 2.06 45 20 | 1] 
Solution 2. Gravimetric determinations; 0.207; 0.206; 0.207 mg. of Ca 
per cc. 
ss | 0.369 | -6.0 | 1.91 | | | 9 


Solution 3.{ Gravimetric determinations; 0.231; 0.232 mg. of Ca per ce. 


17 | | one | +43 | 1.7 | 8 | 4 | 5 
Solution 4. Gravimetric determinations; 0.180; 0.177; 0.182 mg. of Ca 
per ce. 

14 | 0.056 | 0.18 | +42 | 1.9 | 5 | 9 | 2 


Total of 193 determinations with mean error of 1.91 per cent. 


* Titrations made in a solution of approximately normal sulfuric acid 


‘and at an initial temperature of 75° C. 


+t Calculations made with the assumption that the amount of calcium 
oxalate measured out was 100 per cent accurate. 

t Solutions prepared by dissolving CaC,0,H.O in approximately 
normal sulfuric acid. Exact calcium values determined as described in 
the * to Table VI. 


dozen lost in handling, include all samples measured out, it is evi- 
dent that the average error? is approximately 2 per cent. 


22 As a basis for calculation it is assumed that the measured amounts of 
calcium oxalate are 100 per cent accurate. 
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The numerous determinations of calcium made on pure solu- 


tions and on solutions of ‘‘artificial blood salts” (7.e., solutions con- 
taining phosphate, bicarbonate, chloride, sulfate, sodium, potas- 


TABLE VI. 
Recovery of Calcium from Pure Solutions. * 


f Cal 
mg. mg. mg per cent — 
0.110 0.111 +0.001 +0.9 |) 
0.110 0.104 —0.006 —5.0 
Methyl red used as an indi- 
0.040 0.037 0.003 <<’ 5 cator, pH of solutions ap- 
0.040 0.040 +9 000 +0. 0 proximately 5.6. 
0.040 0.037 —0.003 —7.5 
0.360 0.363 +0.003 +0.9 | 
0.110 0.106 —0.004 —3.7 | 
0.110 0.106 — 0.004 oe 
0.110 0.104 —0.006 —5.0 
0.338 0.339 +0.001 +0.3 
Phenol red used as an indi- 
0.360 0. 364 40.004 41.1 > eator, pH of solutions ap- 
0.360 | 0.351 | —0.009| —2.5 || Proximately 6.5.% 
0.360 0.348 —0.012 —3.3 
0.360 0.352 —0.008 —2.1 
0.360 0.364 +0.004 +1.1 
0.360 0.355 —0.005 —1.4 


* Solutions prepared by converting pure CaC,0,4H,0O into CaO, dis- 
solving the CaO in dilute HCl, and diluting to definite volume. The exact 
calcium values were determined by evaporation of relatively large volumes 


(25 ce.), conversion to CaSQ,, and weighing as such. All analytical work 


carried out in platinum dishes. 

+t Calcium precipitated according to the Halverson-Bergeim procedure 
(10). 

t Small amounts of normal NH,OH added to obtain this pH. With the 
prescribed amourits of sodium acetate (10, 23) the pH varies from 5.2 
to 5.6. 


slum, magnesium, etc., in concentration approximately the same 
as found in circulating blood), as well as the procedures of the 
various micro methods are based largely on the work of Richards, 
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TABLE VII. 


Determination of Calcium in Solutions of ‘‘Artificial Blood Salts.’’ 


Ca Ca Amount of Ca 
pres- | deter- {lost or gained in| Salts present in solution. Remarks. 
ent.* jmined.f| the procedure. 
mg. mg. mg. cent salts 
NazHPO,t 
0.110} 0.113)+0.003) +2.7; KH.PO, 
NaCl 
Na2CO3§ 
N asHP O, 
0.360) 0.360; 0.000| 0.0) KH.PO, 
NaCl 
N asCO; 
0.360) 0.360) 0.000) 0.0) As above. 
Phenol red used as 
NazHPO, indicator, pH ap- 
0.360} 0.365)+0.005) +1.4) KH2PO, proximately 6.5.4 
NaCl 
Na.CO; 
NazHPO, 
KH.PO, 
0.360; 0.369'+0.009) +2.7| NaCl 
N asCO; 
MgS0O4ll 
0.360) 0.362'/+0.002) +0.5) As above. 
Phenol red used as 
0.360; 0.381/+0.021) +5.8) “ indicator, pH 7.2 
using ammonium 
0.360) 0.381/+0.021) +5.8) “ “ hydroxide in place 
of sodium acetate. 


* Same solutions used as described by * in Table VI. 

t Calcium precipitated by the Halverson-Bergeim procedure (10). 
t Na.HPO,'12H.0. 
§ Anhydrous Na,CQ3. 
|| Calculated as anhydrous MgSQ,. 
4] Normal ammonium hydroxide used in place of sodium acetate. 
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TABLE VIII. 
Recovery of Added Calcium from Whole Blood and Plasma by the Method of 
Direct Precipitation. P 
Ca present* Ca added Total Ca. Amount of added Ca 
(in plasma or blood). (as CaCle). recovered.f 
| Present.f | Determined. 
Horse 1, Plasma sample II A. 
mg. mg. mg. mg. mg. per cent 
0.500 
0.496 
Average.... . .0.498 0. 266 0.764 0.782 0.284 106.7 
Horse 1, Plasma sample II B. 
0.560 
0.554 
” 0.213 0.770 0.775 0.218 102.3 
0.319 0.876 0.880 0.323 101.2 
Average.... . .0.557 0. 266 0.823 0.833 0.276 104.5 
Horse 1, Plasma sample III A. 
0.553 
0.553 
0.106 0.659 0.663 0.110 103.8 
Average...... 0.553 0.213 0.766 0.780 0.227 106.6 
Horse 1, Plasma sample III B. 
0.116¢ 
0.118f 
Average...... 0.117 0.106 0.223 0.222 0.105 99.1 
Horse 1, Whole blood sample III. 
0.275§ 
0. 262§ 
0. 264§ 
Average... ...0.267 0.096 0.363 0.359 0.092 95.8 


* Except where otherwise noted, 5 cc. samples were used. 

+ It is assumed that the calcium measured out was 100 per cent accurate. 
This amount plus the average of the control determinations make up the 
total amount present. 

t 1 cc. samples of plasma. 

§ Although the original samples contain 5 cc. of whole blood, the sample 


from which the Ca is determined is only 3 cc., and the 0.096 mg. of Ca rep- 
resents only a corresponding part (0.6) of the added calcium. , 
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TABLE VilI—Concluded. 


Ca present* 
(in plasma or blood). 


Ca added 
(as CaCle). 


Total Ca. 


Present.t 


Determined. 


Amount of added Ca 
recovered. t 


Horse 2, Plasma sample III. 


mg. mq. mq. mq. mg. per cent 
0.600 
0.605 
0.183 | 0.786 0.782 0.179 97.8 
0.121 0.724 0.717 0.114 94.2 
0.154 0.757 0.765 0.162 105.2 
Average...... 0.603 0.202 0.805 0.812 0.209 103.4 
Horse 2, Plasma sample IV. 
0.617 
0.620 
0.617 
0.615 
0.082 0.699 0.705 0.088 107.3 
0.106 0.723 0.724 0.107 100.9 
0.163 0.780 0.790 0.173 106.1 
0.139 0.756 0.761 0.144 103.7 
Average...... 0.617 0.065 0.682 0.680 0.063 97.0 
Beef plasma, Sample I. 
0.513 
0.509 
0.514 
0.518 
0.152 0.664 0.667 0.155 102.0 
0.110 0.622 0.617 0.105 95.5 
Average...... 0.512 0.136 0.648 0.646 0.134 98.5 
Beef serum, Sample I. 
0.638 
0.636 
0.645 
0.360 1.000 1.011 0.371 103.0 
Average...... 0.640 0.360 1.000 1.011 0.371 103.0 
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TABLE IX, 
Comparison of Calcium Values Obtained by Various Methods. 


Amount of 
blood or plasma| §& = 
taken. = 
338 
= om 
&. 
© < 
Calf 1, whole blood. 
ce, ce mg. mg : 
5 3 0.270} 8.97 | Direct precipitation. * 
5 2.1 | 0.191) 8.92 | Deproteinization with picric acid. f 
5 2.1 | 0.177) 8.28 
5 2.5 | 0.212] 8.46 “ trichloroacetic acid.f{ 
5 2.5 | 0.205} 8.19 
5 2.5 | 0.048) 1.93§ tungstic acid. || 
5 2.5 | 0.039) 1.56§ 
Calf 1, plasma. 
3 3 *! 0.327)10.89 | Direct precipitation. * 
3 3 0.329)10.97 
5 2 0.200/10.00 | Deproteinization with picric acid. f 
5 2 0.190; 9.50 
5 5 0.566)11.32. | Ashed in platinum. 
Dog 1, whole blood. 
5 2.5 | 0.168) 6.72 | Deproteinization with trichloroacetic acid.** 
5 2.5 | 0.147) 5.89 
5 | 2.5 | 0.143! 5.70 | | “ 
5 5.0 | 0.258; 5.15 | Ashed in platinum. § 
5 3 0.168; 5.60 | Direct precipitation. * 
5 3 0.157! 5.23 
5 3 0.163) 5.44 
3 0.166) 5.52 


* Method as published in this paper. 

+ Regular procedure of Halverson and Bergeim (10). 

t 5 ce. samples of plasma or whole blood diluted with 25 ce. of distilled 
water. 15 cc. of 6.5 per cent trichloroacetic acid are then added and after 
making up to volume (50 cc.) the mixture is well shaken. Calcium deter- 
mined in aliquot by Halverson-Bergeim method (10). 

§ Precipitated mixtures heated in boiling water for 3 minutes before 
filtering. 

|| Deproteinization with tungstic acid (17), calcium precipitated by 
Halverson-Bergeim procedure (10). 

“ Samples ashed in platinum, residues dissolved in hot (6 N) hydro- 
chlorie acid, evaporated to small volume (1 to 2 ec.), and calcium precipi- 
tated by Halverson-Bergeim method (10). 

** Deproteinization by Lyman’s procedure (9), calcium precipitated 
by Halverson-Bergeim procedure (10). 
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TABLE IX—Continued. 


Amount 3 
plasma 
338 3 Methods used. 
& 
£; | = 
Dog 1, plasma. 
cc. cc. mg. mg. 
5 5 0.449} 8.97 | Ashed in platinum. { 
3 3 0.267) 8.90 | Direct precipitation. * 
3 3 0.262) 8.73 
3 3 0.269) 8.97 
Dog 2, Plasma sample I. 
3 3 0.258) 8.59 | Direct precipitation. * 
3 3 0.260) 8.66 
3 3 0.262) 8.74 
3 3 0.253) 8.43 
5 5 0.422) 8.79 | Ashed in platinum. J 
A 2.7 | 0.258) 9.57 | Deproteinization with picric acid. f 
5 2.0 | 0.175) 8.74 “trichloroacetic acid.f 
Dog 2, Plasma sample II. 
5 | 2.7+| 0.248] 9.17 | Deproteinization with picric acid. t 
5 | 2.7 | 0.230) 8.53 
5 | 2.5 | 0.204) 8.17 - “ trichloroacetic acid.{ 
5 | 2.5 | 0.222) 8.86 
5 | 2.0 | 0.107) 5.34 tungstic acid. || 
5 | 2.0 | 0.123] 6.16 
5 | 5.0 | 0.502)10.03 | Ashing in platinum. 
3 | 3.0 | 0.297) 9.89 | Direct precipitation.* 
3 | 3.0 0.308)10. 27 
Dog 3, Plasma. 
3 3 0.255; 8.51 | Direct precipitation. * 
3 3 0.262) 8.74 
3 3 0.269) 8.97 
3 3 0.265; 8.82 
3 3 0.258) 8.59 
5 5 0.446) 8.92 | Ashing in platinum. { 
5 2 0.195) 9.75 | Deproteinization with trichloroacetic acid.** 
5 | 2.5 | 0.224 8.97 | “ 
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TABLE IX—Concluded. 


&, | 3 
ce 83S! 
< 
Horse 1, Plasma sample II. 
cc, cc, mg. mg 
5 2.5 | 0.190; 7.60 | Deproteinization with tungstic acid. || 
5 2.5 | 0.200) 8.00 
5 2.5 | 0.281/11.24 picric acid. f 
5 2.5 | 0.269)10.76 
5 5.0 | 0.570;11.40 | Ashing in platinum. § 
5 5.0 | 0.56811. 36 
Horse 1, Whole blood sample IV. 
5 2.1 | 0.253)11.82 | Deproteinization with picric acid.t 
5 2.1 | 0.237)11.07TT 
5 2.1 | 0.230!10.79TT 
5 2.5 | 0.097) 3.86§ tungstie acid. || 
5 2.5 | 0.085) 3.40§ “ “ 
5 2.5 | 0.244; 9.74 - “ trichloroacetic acid.t 
5 2.5 | 0.238) 9.51 “ 
5 3.0 | 0.287] 9.58 | Direct precipitation. * 
5 3.0 | 0.290) 9.66 
5 3.0 | 0.301/10.04 
5 3.0 | 0.279) 9.30 
5 5.0 | 0.456) 9.11 | Ashing in platinum. § 
Horse 1, plasma. 
3 3 0.370)12.34 | Direct precipitation. * 
3 3 0.372)12.42 
3 3 0.368)12.27 
5 1.4 | 0.179|12.54 | Deproteinization with picric acid.t 
5 2.5 | 0.216) 8.65 tungstie acid. || 
5 1.5 | 0.113) 7.51 
5 2.5 | 0.223) 8.92tt 
5 1.5 | 0.131) 8.74ft “ 
5 5.0 | 0.617/12.33 | Ashing in platinum. § 


tt Precipitation made at room temperature. 


tt Precipitated mixture heated in boiling water for 5 to 6 minutes pre- 


vious to filtering. 


513 


} 
| 
5 
= | 
t 
ia 


514 Micro Determination of Calcium 


McCaffrey, and Bisbee (30) and especially upon that of Me- 
Crudden (24). While checking over the different methods, a 
number of control determinations were made” on pure calcium 
solutions and on solutions of artificial blood salts. The results, 
given in Tables VI and VII, show that even with very small 
amounts of calcium (not over 0.38 mg.) the average error!® of 
recovery (2.4 per cent) differs but little from the error found in 
the direct titration of small amounts of calcium oxalate (see 
Table V). Brief mention should be made of the fact that the errors 
found in the titration of pure calcium oxalate and in the determina- 
tion of calcium in the various known solutions cannot be wholly 
attributed to the dilute permanganate, for in measuring out 
samples as small as 0.1 cc. a difference of 0.005 ce. would cause 
an error of 0.5 per cent. 

Looking over the numerous micro methods which use potas- 
sium permanganate (3, 6-10, 12-15), one finds considerable varia- 
tion in the conditions under which various investigators have made 
oxalate titrations. Considering only the oxidation of oxalates by 
permanganate (for a complete discussion of all phases of per- 
manganate reactions consult the papers of Harcourt and Esson 
(33), Ehrenfeld (34), Luther and Schilow (35), Schilow (36), 
Schroeder (37), Skrabal (38), Sarkar and Dutta (39), it has been 
shown by Bray (40) and McBride (41) that the results obtained 
depend upon: (1) concentration of H ion; (2) temperature; 
(3) rate of addition of the permanganate; and (4) dilution. 

It was found by McBride (41) that, with 0.1 N potassium per- 
manganate, the optimum acidity of oxalate solutions was 5 per 
cent, amounts less than this decreased the amount of preman- 
ganate necessary for the end-point while higher concentrations 
of acid led to an evolution of oxygen and required additional 
permanganate for the end-point. Low temperatures led to a 
decreased rate in reduction, a conditon favorable to the accumu- 
lation of HMnQO, or MnO, with subsequent evolution of oxygen. 
The rate of addition is most important in the beginning of the re- 
action; if a large excess of permanganate is present before rapid 
oxidation of the oxalate is in progress or if insufficiently stirred 
at any step, the conditions are again favorable for the evolution 
of oxygen. A summary of the conditions necessary for accurate 
titration of oxalate by permanganate would be: 
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A dilute solution, acid concentration 5 per cent, initial temperature of 
70-80°C., slow addition of permanganate at beginning, solution to be 
thoroughly stirred at all times and the final temperature not lower than 
60°C.. The writer titrated a number of samples of pure calcium oxalate with 
0.01 N permanganate, using 1, 1.5, and 3 N sulfuric acid and at temperatures 
varying from 60-85°C. The results with the 0.01 N permanganate agreed 
with those obtained by McBride (41) with the 0.1 N; at temperatures above 
80°C. and with acid stronger than 1.5 N, the end-point is very indefinite 
and too much permanganate is used. (Halverson and Bergeim (10) report 
similar results with high acidity and high temperatures.) With initial 
temperatures as low as 60°C. the rate of reaction is very slow and the end- 
point is extremely variable. The writer found that in the micro-titrations 
(5 ec. of acid in a 50 cc. centrifuge tube) the temperature dropped from 17- 
25°C. during the short time required (1 to 1.5 minutes) for the titration, 
so if the initial temperature were only 60°C. the end-point would be reached 
at about 40°C., which has been found (40) to be undesirable. It is there- 
fore apparent that the indefinite temperatures of Kriiger (32), Lamers 
(3), and Kramer and Howland (8) as well as the low temperatures used by 
Halverson and Bergeim (10), de Waard (7), Dienes (6), and Kramer and 
Tisdall (14) are not compatible with the best results. 


The accuracy of the direct method has been checked by the 
following experiments: 


(1) By addition of known amounts of calcium and subsequent recovery. 
The results of this work, presented in Table VIII, show that the average 
error”? of recovery from plasma is approximately 3.7 per cent. (2) By a 
comparison of calcium values obtained by different methods on several 
large samples of whole blood and plasma. The results of these analyses, 
given in Table IX, show that the calcium values obtained by the direct 
method from whole blood and plasma, while differing but slightly from 
those obtained after ashing in platinum (the standard for comparison), 
are lower than those obtained by any of the deproteinization methods. 


SUMMARY. 


1. Experimental data have been presented to show that the 
micro method depending on the direct precipitation of calcium 
from serum, plasma, and whole blood is accurate to + 5 per cent, 
and equal in this respect to any of the numerous micro methods 
found in the literature. 

2. The direct method possesses several advantages not common 
to other procedures: (1) The small amount of sample necessary (1 


23 It is assumed that the measured amounts of calcium chloride are 100 
per cent accurate. 
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to 5 ec. of plasma, 5 cc. of whole blood); (2) the saving in time 
(no ashing, protein precipitation, filtering, etc.); and (3) minimal 
mechanical loss, since all operations are carried out in one tube. 

3. With proper concentration of H ions (approximately that of 
N sulfuric acid) and at an initial temperature of 75° C., small 
amounts of calclum may be accurately estimated (to approx- 
imately 2 per cent) by titration of the oxalate with 0.01 normal 
potassium permanganate. 
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THE FATE OF SULFIDES IN THE BLOOD.* 
By HOWARD W. HAGGARD. 


WITH THE COLLABORATION OF THOMAS J. CHARLTON. 


(Investigations Performed for the U. S. Bureau of Mines in the Laboratory 
of Applied Physiology, Yale University, New Haven.) 


(Received for publication, October 18, 1921.) 


The investigation embodied in this paper was primarily under- 
taken in an endeavor to determine in what manner H.S is trans- 
ported in the blood after inhalation of this gas. That it is trans- 
ported in the blood in a loosely combined and readily dissociable 
manner is evident from the fact that, when H.S is injected into 
any of the body cavities, it is almost at once detectable in the 
expired air (1). On the question in what form hydrogen sulfide 
combines with and is carried by the blood there is diversity of 
opinion, however. | 

Two modes of transportation have been suggested: That the 
hydrogen sulfide combines with the hemoglobin to form a sulf- 
hemoglobin compound; and that the gas in its capacity as an 
acid unites with the alkali of the blood to form sodium sulfide. 
Since both of these combinations are dissociable both views neces- 
sarily assume a trace of H.S in simple solution in the plasma. 

Paradoxically, although the first of these views is definitely 
disproved by evidence contained in the literature, the belief that 
inhalation of H.S is followed by the formation of a sulfur hemo- 
globin compound is still generally prevalent. The persistence 
of this idea is no doubt due in part at least to the need for an 
explanation of the rare disease, sulfhemoglobinemia, one of the 
endogenous cyanoses. 


* This is one of a series of papers dealing with hydrogen sulfide poisoning. 
Other papers of this series will probably appear in the American Journal 
of Physiology, the Journal of Pharmacology and Experimental Therapeu- 
tics, and the Journal of Industrial Hygiene. 
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The reaction of hemoglobin to H2S has been the subject of much 
study. Hoppe-Seyler (2) in 1863 and later Araki (3), by passing 
a stream of H.S through oxygenated blood, obtained a dirty 
greenish pigment. It showed an absorption spectrum with two 
bands in the red, one quite close to C and the other midway 
between C and D. This compound was designated sulfmethemo- 
globin. The green discoloration seen in cadaveric decomposition 
was assigned to the postmortem formation of sulfmethemo- 
globin. 

Gamgee (4) in 1898 branded the sulfmethemoglobin of 
Hoppe-Seyler and Araki as a mixture of decomposition products. 
Harnack (5), a year later, while also emphatically denying the exis- 
tence of this substance, obtained in solution by the action of 
H.S upon reduced hemoglobin, a compound which he designated 
as sulfhemoglobin. Its absorption spectrum gave but a single 
band between the Fraunhofer lines C and D and extending from 
d.610 to 4.625. 

In 1907, Clarke and West (6) verified Harnack’s work and 
attempted to isolate the compound, but were unsuccessful. They 
noted that complete reduction of the hemoglobin was essential 
to the formation of this substance. They found further, that 
very high concentrations of H2S were necessary to force a union 
between hemoglobin and this gas. These concentrations were 
far higher than those which would be instantly fatal if inspired. 
The presence of powerful reducing agents, such as phenylhydra- 
zine, however, greatly facilitated the reaction and rendered a 
partial combination possible at relatively low concentrations of 
H.S and even in the presence of oxyhemoglobin. 

It is on the basis of this last observation that the occurrence, 
during life, of blood giving the spectrum of sulfhemoglobin—the 
characteristic of the disease known as sulfhemoglobinemia—is 
explicable. Wallis (7) found that the formation of sulfhemo- 
globin in the blood of patients suffering from this disease, is due 
to the presence in their blood of a strong reducing agent, a hydrox- 
ylamine derivative, which presumably comes from the splitting 
of protein by a nitrosobacillus which inhabits the buccal cavities. 
A mere trace of HS is necessary under these conditions to form 
sulfhemoglobin and this might be derived from the intestinal 
tract. 
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From these facts it is apparent that the formation of sufhemo- 
globin within the living body is primarily dependent upon an 
abnormal condition of the blood, rather than upon any function 
of the hemoglobin as the transporting agent of H.S. Within the 
body of a healthy living individual—one whose mouth does not 
contain this nitrosobacillus—complete reduction of the blood 
would be essential before any combination of the gas with hemo- 
globin could occur. | 

As a postmortem change, however, sulfhemoglobin may be 
rapidly formed through bacterial action. This change, we may 
presume, consists first in a reduction of the blood and then a 
combination of the hemoglobin with the H2S liberated during the 
process of decomposition. 

It is a highly significant fact, that the blood taken very soon after 
death from H.2S poisoning does not show the spectrum charac- 
teristic of sulfhemoglobin and is abnormal, if at all, only in the 
degree of its reduction (7, 8). A fortiori hemoglobin is not the 
normal transporter of H.S. 

Diakonow (9) was apparently the first to point out that, through 
its properties as an acid, H.S should act upon the bicarbonates of 
the blood plasma to form sodium sulfide. He demonstrated this 
experimentally upon bicarbonate solutions. Following this lead 
Pohl (10) came to the conclusion that H25 must be transported 
in the blood in this form alone. In support of this view he pointed 
out the remarkable similarity between poisoning with H.S gas 
and that induced by injection of sodium sulfide. 

It seems plausible that, to some extent at least, sodium sulfide 
would be formed within the plasma after inhalation of this gas. 
For this reason the following experiments were undertaken. In 
the main, however, they have led to quite another conclusion. 


EXPERIMENTAL. 


The following experiments which were repeatedly performed, 
show a marked difference between the reactions toward H.S of 
sodium bicarbonate solution on the one hand and of plasma on the 
other. The former combines with the gas to some extent, pre- 
sumably as NaS and even when washed free of dissolved HS 
gives a persistent test for sulfide. The plasma, however, retains 
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no sulfide, detectable as such, in any form other than the dissolved 
H2S gas. Evidently plasma after exposure to a moderate amount 
of H.S does not contain NaS. 


Experiment 1. The Action of H2S upon Sodium Bicarbonate Solution.— 
5 ec. of 0.2 per cent sodium bicarbonate solution were shaken in a flask con- 
taining an atmosphere of 0.5 per cent H.S in air. The flask was then 
opened and air passed through until the odor of H2S was no longer detected. 
The solution was then tested, and gave a sulfide reaction both with lead 
acetate and with ammoniacal sodium nitroprusside. The passage of pure 
air, 5.5 per cent CO, in air, or oxygen through the liquid for 3 hours did 
not render it incapable of giving a sulfide test. The addition of dilute 
HCl to the fluid was attended with the evolution of HS. 

Experiment 2. The Action of Hx upon Plasma.—Dog’s plasma was 
shaken in a flask with 0.5 per cent H.2S and then aerated. The plasma 
failed to give any of the above tests for sulfide nor was H.S evolved upon 
the addition of dilute HCI. 


This experiment with plasma (Experiment 2) affords a clear-cut 
and decisive negative on the question to which it is primarily 
directed. The striking difference from the result with bicar- 
bonate solution (Experiment 1) prompts the further question as 
to just what does happen when H.S is brought into contact with 
plasma. 

To investigate this question, further experiments were there- 
fore performed. Plasma was exposed to a definite volume of 
H2S in air, nitrogen, CO, or oxygen and then washed free of 
dissolved H.S with the same atmosphere. The hydrogen sulfide 
recoverable from the gas was estimated quantitatively. In some 
cases the CO.-combining power of the plasma before and after 
treatment with H.S was determined as a means of following any 
change in the sodium bicarbonate of the plasma. 


Experiment 3. The Reaction between H2S and Plasma or Blood.—The 
CO:-combining power of a sample of normal plasma from dog’s blood 
was determined at 40 mm. partial pressure CO2. Some of the plasma was 
then evacuated of gas by means of a suction pump, and 5 cc. samples were 
pipetted into 1 liter flasks containing, in successive tests, atmospheres of 
air, oxygen, nitrogen, and 40 mm. CO; in air. To all of these atmospheres, 
0.5 per cent H.S had been added. Each flask was rotated for 1 minute. 
The H.S which could be recovered was then determined by aerating the 
flask with the same atmosphere with which it was filled, minus the H,S, 
and drawing the gas through a bead tower containing 0.01 N iodine (11). 
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In each case at the end of the aeration the plasma was tested for sulfide; 
‘ but only negative results were obtained. 

Samples of whole blood were treated in the same manner except that 
the initial evacuation was omitted. Table I embodies the results obtained. 


From Experiment 3 it appears that not only does HS fail to 
form’ sodium sulfide when acting upon blood or plasma but that 
a portion of the gas is actually destroyed. The destruction of 


TABLE I. 
CO2combining 
A partial pressure. H:2S H2S 
tmosphere in flask lost. dined. 
Before | After 
expos- | expos- 
ure. ure. 
Reaction between plasma and HS. 
ce. cc. per cent 
Air and 5.2 ce. of HS.................. 54 40 | 3.10 | 2.10 | 40 
54 46 | 2.94| 1.66) 36 
54 41 | 3.32 | 2.08; 38 
“ with CO, at 40 mm. and 5.7 ce. of H2S} 54 45 | 3.42 | 2.28! 40 
Oxygen and 5.6 cc. of H2S.............. 2.11 | 4.49 |} 80 
2.4 | 4.0 74 
Nitrogen and 5.0 cc. of H2S............. 4.60 | 0.40 8 
4.42 | 0.68} 13 
Reaction between whole blood and HS. 
Air and 5.4 ce. of H,2S.................. 1.81 | 3.59 | 66 


H.S is here seen to be dependent upon the presence of oxygen and 
is, therefore, an oxidation. The oxidized products combine in 
part with the alkali of the plasma and decrease its CO.-combining 
power. 

Obviously this raises the question whether the loss in alkali, 
as measured by the CO.-combining power of the piasma, is ade- 
quate to account for the amount of H.S destroyed on the basis of 
a bivalent combination of sulfur (H.SO,) with the sodium. Cal- 


. 
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culation shows, however, that the oxidation of 1 cc. of HeS would 
produce enough sulfuric or other bivalent acids to reduce the 
CO, capacity of 5 ec. of blood or plasma by 20 volumes per cent. 
The figures actually obtained are only 20 to 30 per cent of this 
amount. <A portion of the oxidation products must, therefore, 
be in combination with constituents of the blood other than alkali, 
or otherwise concealed. 

In oxygenated whole blood the oxidation of hydrogen sulfide 
is more complete than in plasma. This is due apparently not to 
a catalytic action of the corpuscles, but to the greater available 
supply of oxygen. The withdrawal of oxygen from the corpuscles 
in the oxidation of hydrogen sulfide results in the deoxygenation 
of the blood. This process affords the explanation of the reduction 
of hemoglobin by HS, which has been observed by previous 
workers (6). 

Not only does the sedans fail to combine H.S with alkali to 
form sodium sulfide but, as will be seen in Experiment 4, plasma 
has the property of dissociating sodium sulfide and Mbeontion 
H.S from it. The absence of oxygen has no inhibitory influence 
upon this reaction. In the presence of oxygen, however, a portion 
of the liberated HS is oxidized. The processes of dissociation 
and oxidation are to some extent distinct and independent each 
from the other. The first is apparently of the nature of a catalytic 
acceleration of the well recognized and easily demonstrated reac- 
tion of sodium sufide with water: 


NaS + 2H.O = HS + 2NaOH. 


The oxidation on the other hand possesses many of the charac- 
teristics of oxidative reactions which occur through the action of 
tissue juices. The importance of the part played by the SH 
group in vital oxidations is beginning to attract particular atten- 
tion (12). 

The whole phenomenon of hydrolysis and oxidation can be 
illustrated quite simply by an experiment designed by Clarke and 
West (6) to demonstrate the reduction of blood by sodium sulfide. 
To the bottom of a test-tube of blood is passed a small amount 
of a strong solution of sodium sulfide. Gradually the area 
above the sulfide becomes reduced and this reduction progresses 
up the tube. It is a highly significant fact that even before the 
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upper layer changes color the odor of the liberated and unoxidized 
can be detected. 

In this or any similar experiment the sodium sulfide added to 
the blood or plasma becomes completely hydrolyzed, and with 
adequate aeration the HS thus formed is either oxidized or vola- 
tilized off. Thereafter the blood or plasma does not respond to 
tests for sulfides. As would be anticipated, one result of the 
hydrolysis of the sulfide is that the sodium increases the alkali 
in the fluid and raises its CO.-combining power. If the oxidation 
is active a portion of the liberated sodium is used up in combining 
with the products of oxidation, presumably in part at least sul- 
furic acid. 


Experiment 4. The Reaction of Sodium Sulfide with Blood and Plasma.— 
Samples, 5 cc. each, of dog’s plasma were evacuated of gas, and then 
placed in flasks containing atmospheres of air, oxygen, or nitrogen. 3 cc. 
of approximately 0.8 per cent sodium sulfide solution were added. The 
aerating gas was then passed through the mixture, and the H.S carried 
over was absorbed in 0.01 N iodine and calculated as in the previous experi- 
ment. The amount of H.S recoverable when acidulated water was used 
instead of blood was 6.1 cc.; this figure, 6.1, has been used throughout as 
a control. After the plasma had been washed free of H.S, the fluid was 
tested for sulfide, with negative results in all cases. The whole blood 
used was treated in a manner similar to the plasma except that the initial 
exhaustion was omitted. Table II embodies the results obtained. 


TABLE II. 
Atmosphere in flask. H2S recovered. H3S lost. H2S oxidised. 
The reaction of sodium sulfide with plasma. 
ce. ce. per cent 
2.6 3.5 57 
Nitrogen 5.9 0.2 3 
5.6 0.5 8 
Reaction of sodium sulfide with whole blood. 


Experiment 4 illustrates the hydrolysis of sodium sulfide by 
plasma or whole blood and the oxidation of the liberated H.S in 
the presence of oxygen. 
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The hydrolyzation of NaS by plasma and the subsequent 
oxidation of a portion of the liberated H.S is extremely rapid. 
This is seen in the following experiment which was designed 
primarily to determine whether or not the products of oxidation 
were toxic. 


Experiment 5. The Detoxication of Sodium Sulfide by Plasma.—To 10 ec. 
of dog’s plasma was added 0.6 gm. of NaS in 10 per cent water solution 
and the whole shaken for 1 minute with a stream of air from the blower 
passing through the flask. At the end of this time 1 cc. of the mixture 
was tested with negative results for the presence of sulfide. The rest of 
the plasma thus treated was injected intravenously into a 10 kilo dog. 
The inoculation was entirely without effect upon the animal although the 
amount of NaS added to the plasma was ten times the ordinary lethal dose. 


From this experiment we may conclude that the oxidation 
products of HS or sodium sulfide in the blood are non-toxic. 
Evidently this process of detoxication may be of considerable 
importance during the putrefaction of sulfur-containing substances 
in the intestine. Heretofore it has usually been ascribed to the 
liver. 

In consideration of this point it would seem that when H,S is 
inhaled it exists only momentarily in the blood as the dissolved 
and unoxidized gas. Of course, theoretically, an infinitesimal 
trace of alkali sulfide must be present. The active physiological 
effects of HS are exerted by the gas in solution in the plasma. 

In view of the oxidative process above illustrated in the im 
vitro experiments, it is obvious that zn vivo the gas can exhibit no 
cumulative action when inhaled. This is well borne out by other 
experimental findings, for in observations to be reported in detail 
in a later paper, it has been found that the inhalation of 5 parts 
of H.S in 10,000 parts of air for a period of 11 hours produces no 
general symptoms in dogs, while the inhalation of 10 parts results 
in death in 15 minutes. 

If the effects were cumulative there would not be this wide 
variation in the effects of such closely related concentrations. 
The rapid recovery from non-fatal inhalational poisoning by 
H,S is a striking confirmation of the lack of cumulative action of 
this gas and of the necessity for the maintenance in the blood of 
a toxic concentration in order to produce the characteristic 
symptoms of poisoning. An animal removed from an atmosphere 


H 4 


H. W. Haggard 527 


of H.S in a state of deep coma, frequently appears quite normal 
after the lapse of a few minutes. The same considerations apply 
to the effects following intravenous injection of a solution of sodium 
sulfide. The salt is hydrolyzed in the blood and H2§ is at 
once apparent in the expired air. If the administration is rapid 
enough to allow a sufficiently high concentration of unoxidized 
H.S in the blood, toxic symptoms and death result. 

These points are illustrated in Experiment 6 in which, by slow 
intravenous injection, many times the lethal amount of sodium 
sulfide was administered. According to the literature the lethal 
dose of sodium sulfide for dogs is 6 mg. per kilo, and this has been 
confirmed here. 


Experiment 6. The Repeated Administration of Sodium Sulfide.—A 10 
kilo dog was subjected to intravenous injection of sodium sulfide solution 
(0.6 per cent) at the rate of 2.5 cc. per minute. (This is 25 per cent of the 
lethal dose each minute.) The animal exhibited some restlessness and a 
slight dyspnea but, after a total injection of 50 ce. during 20 minutes, was 
apparently none the worse, although five times the lethal amount had been 
administered. 

A rapid injection of 10 ec. of the solution was then made. After a few 
gasps the animal became rigid and died. 


This experiment also throws some light upon the comparatively 
slight toxic effects induced by the sulfide formed in the intestine 
from the decomposition of protein or following the administration 
of sulfur. The sulfide so formed is slowly absorbed, and com- 
pletely detoxicated in the blood. Large amounts of sulfur may 
be thus altered and eliminated without the development of any 
marked physiological effects although, following the ingestion of 
sulfur, the breath may be foul with H.S. In this connection it may 
be mentioned that about 10 per cent of the sulfur taken by mouth is 
absorbed as sulfide and later eliminated through the urine as sul- 
fates and in organic combination (13). There are, however, a 
few reported cases of toxic symptoms following the still prevalent 
administration of sulfur (14). 

Since the capacity of the blood to oxidize H.S is quite adequate 
to cope with many times the lethal amount, it is necessary to offer 
some explanation of the intense physiological activity of this gas 
which when inhaled ranks close to cyanogen in toxicity (14). 
The laws of mass action offer a tenable explanation of the phe- 
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nomena. The dissolved H.S in the blood is a factor in the 
equilibrium of the reaction of oxidation. The greater the amount 
of inhaled H.S the more active will be the oxidation, but there 
will be also momentarily a higher concentration of H.S dissolved 
in the blood and in consequence a greater physiological effect. 

Unless death supervenes the concentration of H.S dissolved in 
the blood can only be maintained by the continued inhalation of 
the gas. When the inhalation ceases the H.S present in the blood 
is rapidly and completely destroyed. This chemical process 
corresponds with the prompt recovery of the man or animal on 
removal from the atmosphere of H,S. 

The assumption that the dissolved H.S in the blood exists as an 
equilibrium factor in the oxidative reaction is supported by an 
experimental observation. When 10 or 15 cc. of H.S gas (too 
small an amount to produce any symptoms, whatever) are injected 
into the peritoneal cavity of a dog, there soon follows the charac- 
teristic smell of the gas in the breath of the animal. When the 
active oxidation of HS shown by the blood in Experiment 3 is 
considered, it is indeed remarkable that a portion of the gas should 
escape unoxidized from the lungs, after passing through the 
venous system where there is certainly sufficient oxygen to 
destroy it, unless this was due to the persistence of the rapidly 
decreasing factor, concentration of H.S, in the trend back to 
equilibrium. 


CONCLUSIONS. 


When an atmosphere containing H.S is inhaled no combination 
of the gas is formed with the hemoglobin of the blood nor is any 
appreciable amount of sodium sulfide formed in the plasma. The 
phenomena of the disease of sulfhemoglobinemia have no signifi- 
cance for the normal transport of sulfide. 

Blood plasma in the presence of oxygen possesses the property of 
rapidly oxidizing H.S. The products of oxidation combine in 
part with the sodium of the plasma. 

Sodium sulfide is rapidly and completely hydrolyzed by blood 
or plasma. The absence of oxygen has no effect upon this pro- 
cess. If oxygen is present, however, a large part of the liberated 
H.S is oxidized. 
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The reduction of blood by H.S or NaS is the result of the 
withdrawal of oxygen from the corpuscles for the oxidation of 
the 

After inhalation of H.S or intravenous administration of NaS, 
the sulfide in the blood exists only as dissolved and as yet unoxi- 
dized H.S. The active physiological effects of sulfides are exerted 
by the H.S in solution in the blood. During the administration 
of sulfide in any manner the H.S in solution in the blood is a factor 
in the reaction of oxidation. 

The rate of oxidation of H.S in the blood is such that in a com- 
paratively short period many times the lethal amount of sodium 
sulfide may be administered intravenously to animals without 
any apparent effect. This explains the comparatively slight 
toxic properties exhibited by the absorption of sulfides from the 
intestional tract. 


In conclusion I wish to express my sincere thanks to Professor 
Yandell Henderson for suggestions and criticism. 
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rectangular copper lined tank of 85 
* capacity. Small sins has yound 
tank of 10 gallon capacity. Both sizes 
the standard Freas sensitive mercury’ 


Price of the large size 
Price of the small size - - 
‘Freas Wate Thermostat, Small Size For details of . the’ large size the: 


also of the Freas water bath write for E 
“Freas Water Baths and Thermostats.” 


detain regard to other forme of apparatus we refer 


Freas Conditioning Freas Conductivity Apparatus; Frese Is 
bators and Sterilizers; Freas Ovens and Tube Furnaces; Freas Vac 


_ mation in regard to Freas Steam Hot Plate or Freas Hot Water Mixer. 


~ 


1851 4 


‘SedAve., 18thto1%thSt. Jenkins Arcade 


3 


The reas t ve ate ermosta at 
ar use in the ng es 
n Universities an 
- 
Ay 
e 
to furnish continuous 
~ | perature es pera 
. . 
< 
; 
one 
5 
» 
4 
‘ 
ay 
SS 
y 
| 
- 
4 
. 


BALANCES 


STURDY CONSTRUCTION 


Are Required For Dividing Solutions, Standardizing 
Volumetric Apparatus and Preparingy 
Standard Solutions 


FOR THIS .WORK;WE RECOMMEND THE FOLLOWING BALANCES 


BALANCE Cenco Analytical, designed to meet the needs of edu- 
cational and commercial laboratories for an economical analytical 
balance. The balance has a capacity of 200 grams with a sensitivity 
of 1/10 mg. The polished aluminum beam is 6 inches long and is 
divided on the right side only, in 50 white graduations on a black 
background, each division representing 1/5 mg. The knife edges and 
planes are agate. The knife edges are free from contact when the 
balance is at rest, independent arrests being provided for the beam, 
stirrups and pans. The case is of polished mahogany with counter- 
poised front door and glasson all sides. Sixe 16 1/2 x 17x 9 1/4 inches. 
The base is of heavy slate provided with leveling screws. 


487. BALANCE, Cenco Analytical, as described above..... $55.00 


\ 


BALANCE, Cenco Laboratory, a rugged beam balance of open 
& construction having a capacity of 2,000 grams, sensitive to 0.05 grams. 
— The knife edges on the heavy beam are 32 cm. between centers. The 
| beam is graduated to 10 grams by 1/10 gram divisions and carries a 
§ rider, thus eliminating small loose weights. The height of bows is 
. $%cm., width 15cm. The aluminum pans are 14 cm. in diameter. An 
» adjustable shelf is provided for specific gravity work. The balance can 
| be accurately leveled by means of the leveling screws and the plumb 
E bob on back of balance. 


$72. BALANCE, Cenco Laboratory, as described above... . $18.00 


BALANCE, Cenco Agate Bearing Trip Scale, an 
exceptionally fine balance for solution work. It hasa ca- 
pacity of 2,000 grams and is guaranteed to be sensitive to 
1/10 gram. The six hardened steel knife edges, which are 
rigidly cast into the beam, rest on six agate bearings of 
large dimensions. The pans are flat porcelain plates 14 
cm. in diameter. 


648. BALANCE, Cenco Agate Bearing Trip 
Scale, as described above............. $10.75 


4Go E.Obio St., Py ULAA. 


a iff | 4 { 
4 > Py 
No. 487 
No. 572 
= | 
a 
3 No. 648 


BOCK-BENEDICT | 
COLORIMETER 


Devised by Dr. Joseph C. Bock and 
Dr. Stanley R. Benedict of the Depart- 
ment of Chemistry, Cornell University 
Medical College, New York, and fully 
described in the August number of The 
Journal of Biological Chemistry, 1918. 


Simple in construction and highly ac- 
curate, this new form of a Colorimeter 
is an ideal instrument for the laboratory 
worker and scientific clinician as well as 
for the student. It is reasonably priced 
and can be favorably compared with 
_ other more expensive colorimeters. All 
See parts are easily replaced at small cost. 


Cells and Cups are made to resist acids, 


alkalies, and heat. $40.00 


Send for Deanttttes Civeuler KLETT MFG. CO., Inc. 


and Reprint 202 E. 46th St. New York 


IN JANUARY, 1917 


THE BACILLUS ACIDOPHILUS 


was introduced and made available to the medical profession 


FOR THE FIRST TIME 


through 


BACID PREPARATIONS 


which were created solely to make possible the therapeutic use of this anti- 
putrefactive organism which has now been used continuously for nearly 
five years through this exclusive distribution. 


BACID PREPARATIONS 


TABLETS—CAPSULES—LIQUID CULTURES 


do not now and never have contained the igs 
B. bulgaricus—either Type A or Type B 


LITERATURE—BIBLIOGRAPHY—ON REQUEST 
Guaranteed and Manufactured ONLY by 


THE ARLINGTON CHEMICAL COMPANY | 
YONKERS, N. Y. ay 
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AN OUTFIT 


FOR 


Basal Metabolism 
Estimations 


AS DESIGNED BY 


Dr. Cameron Vernon Bailey of the 
Laboratory of Pathological Chemistry 
New York Post Graduate Medical 
School and Hospital 


For detailed description see September issue 


Journal of Laboratory and Clinical Medicine 


AMERICAN MADE PRODUCTS 
Cat SOMENS Cy 
ly py hloss 


REPRESENT QUALITY OF HIGHEST STANDARD 


177 East 87th Street 


MANUFACTURED BY 


C. M. SORENSEN CO., Inc. 


DEPT. K 
New York 
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Pfanstiehl Chemicals for 
Bacteriology 


[JPON request we shall 

be pleased to send 
you booklet containing 
the Standards and Tests 
for Bacteriological 
Sugars, now demanded 
by the leading Bacteri- 
ologists. 


SPECIAL CHEMICALS COMPANY 


DEVOTED TO THE CHEMICAL INDEPENDENCE OF AMERICA 


HIGHLAND Park. ILL. 


Strength and Pliability are Found in 


Armour’s lodized Sheep Gut Ligatures 


which are made from lamb’s gut selected in our 
abattoirs especially for surgical purposes. 


The Armour Iodized Ligatures possess full tensile strength and their pli- 
ability prevents breakage at the knot. They are iodized to the core and are 
absolutely sterile. Regular lengths, sizes 00 to number 4 at $2.50 per dozen. 
We also offer Plain and Chromic Ligatures, sizes 000 to number 4 regular 
lengths $2.50 per dozen, emergency lengths, $1.50 per dozen (nothing but the 
smooth side of the intestine is used in the manv- 
facture of the Armour Ligatures). 
Suprarenalin Solution, 1:1000 is stable, umi- 
form and free from preservatives. 
Pituitary Liquid is physiologically standardized 
and is ready for hypodermatic use—% c. c. ampoules 
for obstetrical and 1 c.c. ampoules for surgical use. 


Literature upon the ARMOUR LABORATORY PRODUCTS for the medical profession only. 


ARMOUR COMPARY 
CHICAGO 


Headquarters for the erdocrines and other organotherapeutic products. 


6 


~~ 
I>» 
f 
| 
e 
o 
| | 
- q 
} 


Will Shaking Machi agitation of 
aking Machine  agicston of 
Haemacytometer Pipettes, Test Tubes, Flasks, Bottles. 
Especially valuable in diagnostic and clinical laboratories for such operations as the emulsification of sputum, 
estimating urobilin, determination of lactic acid in gastric contents, preparation of vaccine and rial ex- 


tracts, in sero-diagnostic work, and many other operations where shaking is essential. 
Mechanical shaking is exact, time-saving and superior to hand manipulation in every way. 


A splendid adjunct to the modern clinical laboratory. 
WILL CORPORATION 


Products for Every Laboratory 
Guaranteed Without Reservation 


Rocnesten, N.Y: 


LaMotte Standards 
GUARANTEED 
} Section 1.—Standardized Indicator dyes. Covering a wide range of H-ion con- 
centration. Supplied in dry form and in sterile stock solutions. Each indicator 
: is standardized in strict accordance with the specifications of Clark & Lubs. (Jr. 
Bact., Vol. II, Nos. 1, 2, 3, 1917.) 


Common Name Color Change Pa Value 

Thymol Blue (acid range) red-yellow 1.2-2.8 

- Methyl] Ora red-yellow 2.9-4.0 
Bromphenol Blue yellow-blue 3.0-4.6 

C Resorcin Blue pink-blue 4.0-7.2 
Methyl Red red-yellow 4.4-6.0 

Bromcresol Purple yellow-purple 5.2-6.8 
, Litmus (special red-blue : 5.5-8.9 
Bromthymol Blue yellow-blue 6.0-7.6 

4 Phenol- Red yellow- 6.8-8.4 
Cresol Red yellow-red 7.2-8.8 

Thymol Blue (alkaline range) yellow-blue 8.0-9.6 

Cresol-phthalein colorless-red 8.2-9.8 

Phenol-phthalein color 8.4-9.2 


: Section 2-B.—Specially prepared and standardized Buffer salts and solutions. 
Buffer mixtures may be obtained in series covering any particular range of H-ion 
concentration from Px 1.0 to 10.0. 

Standardized Buffer Solutions (M/5) 


Potassium Phosphate Potassium Phthalate Sodium Hydroxide (CO: free) 
Potassium Chloride Hydrochloric Acid Di-Sodium Phosphate, 2H:0 


A large number of general synthetic and purified compounds are manufactured by 
us and information concerning them may be obtained by addressing 


LA MOTTE CHEMICAL PRODUCTS CO. 
*‘Standards Department”’ 
13 W. Saratoga St. Baltimore, Md. 
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INTERNATIONAL 
CENTRIFUGES 


CANCER RESEARCH 


The official organ of the 4 
American Association for Cancer Res@ | 


WILLIAM H. WOGLOM 
Editor 


The Journal is of interest from the pragl 
cal and theoretical standpoints. a 

Five dollars a volume—United States 
Canada. Five dollars and fifty cents 
where. 


Latest model, self-balancing cen- 
trifuge with brake and brush re- 
lease, and removable top adapted 
to use with perforated basket. 

Order from 


International Equipment Co. | 
352 Western Avenue (Brighton) WILLIAMS & WILKINS 
Boston 35, Mass. Baltimore, U.S.A. 


Catalogue Cy sent on Request 


JOURNAL OF BACTERIOLOG 


OFFICIAL ORGAN OF THE SOCIETY OF AMERICAN BACTERIOLOGISTS 


DEVOTED TO THE ADVANCEMENT AND DISSEMINATION OF KNOWLEDGE 
IN REGARD TO THE BACTERIA AND OTHER MICRO-ORGANISMS 


Editorial Board 
Editor-in-Chief, C.-E. A. Winstow, Yale Medical School, New Haven, Conn. 
A. Parker HitcHens F. C. Harrison, Ex-Officio 
Vol. VI, No. 4 CONTENTS JULY, 19% 


Lavra FLoRENcE. Spiral Bodies in Bacterial Cultures............ 
James M. SHERMAN. The Cause of Eyes and Characteristic Flavor in Emmental or Swiss Cheese....... 2 
G.J.Hucker. A New Modification and Application of the Gram Stain...... 
Louis J. Gittespiz. Color Standards for the Colorimetric Measurement of H-Ion Concentration........ 
Harriet Lestie Witcox. The Effect of Pepton upon the Production of Tetanus Toxin.. cand 

K. G. Dernsy anp J. BLanc. On the Growth and the Proteolytic Enzymes of Cértain Anaerobes...... 


Back Volumes: Vols. I-IV, incl., $24.00, United States, Mexico, Cuba; $25.00, Canada; $26.00, other countrieg 
Current 1921 Volume: Vol. VI, $5.00, United States, Mexico, Cuba; $5.25, Canada; $5.50, other countries. 4 
Charges are net postpaid. 4 
Subscription Order for the Journal of Bacteriology 
WILLIAMS & WILKINS COMPANY, Mount Rorat anp Guitrorp AVENUES, BALTIMORE, Mp., U. 8. 
Vol. I 
Check Vol. II | Check 
or tor the Journat or Bacrerio.iocy { Vol. III} Volumes bie enclosed to cover subscription. 
Order Mey 1V | Desired 
Vol. 
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RARE SUGARS 


OTHER F INE. CHEMICALS 


“DIFCO” STANDARDIZED 


4 Being the first manufacturing firm in the United States to 
emake and extensively advertise rare sugars, we have steadily 
aeeed to our line, and our list now comprises the following: 


RARE SUGARS 
& Arabinose ‘ Levulose (Fructose) Raffinose 
Dextrose (Glucose) Maltose Rhamnose 
P Galactose Mannose Saccharose (Sucrose) 
| Invert Sugar Melezitose Trehalose 
Lactose Melibiose Xylose 


OTHER CARBOHYDRATES 
Dextrin Mannite Inulin Salicin 
LABORATORY REAGENTS 


. Invertase for Analytical Use 
© Acid Potassium Phthalate Blood Serum, Desiccated Beef Extract 
Fibrin Decolorizing Carbon 
yrosine 


DEHYDRATED CULTURE MEDIA 
Bacto-Peptone Proteose Peptone 


Carried in stock by the principal dealers in 
Scientific Supplies | 


Specify ‘*DIFCO’’ 
WE INVITE COMPARISON 


| DIGESTIVE FERMENTS COMPANY 


Detroit, Michigan, U. S. A. 
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Microscopes and Accessories4 


Large and Comprehensive Stock 


No. 10310.—Bausch and Lomb Microscope # 
Outfit FFS-8 has coarse and side fine ad 
justment of the lever type and auton 
take up for wear. It has substage con= 34 
denser, oil immersion objective, and cir-@ 
cular triple nosepiece, two eyepieces and 4 
two obj ectives besides the oil immersion. 
This is one of our most popular microscope i 
outfits. Price, is $132.00. 


No. 10286.—Spencer Microscope Outfit No. 
44-H is similar to above. Price, $132.00. . 


No. 10292 .—Spencer Microscope Outfit No. | 
64—D is less expensive and very popular for 
botanical and biological work. The arm® 
has side fine adjustment. The stage 7 
covered with vulcanite rubber vulcanized to © 
the stage plate. There is an iris ciantree 
operated by a knurled wheel. There are 
two oculars, two objectives, and. double” 
nosepiece. Price, $66.50. 


Bausch and Lomb Microscope Outfit FS—4 is similar to the above and the 
price is the same. , 


We have also a supply of Bausch and Lomb and Spencer hinnadlnnss® 


Besides the above, we stock a wide variety of other microscope stands 
and microscope accessories. 


Sliding microtomes, accurate down to one micron, with a complete sup- 4 
ply of microtome knives, suitable for paraffin, celloidin and frozen objects. 


White Slides and Cover Glasses. 


; For additional information write specifying your requirements . 
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Exceptional Values in 


HIGH GRADE RUBBER GOODS 


11580. RUBBER TUBING, White, light wall, hand made, cloth impression. This tubing is recommended for 
general laboratory use where an inexpensive tubing is desired. 


Diameter inside, 3 4 
Thickness of wall, inches...................... vs ibs 
Approximate no. feet 192 192 192 196 196 196 
Per foot (see Special Notice)................... .05 .08 .10 12 14 .26 


11582. RUBBER TUBING, White, heavy wall, same quality as No. 11580. The} inchsize isthe standard size and 
quality for Bunsen burner connections. 


Thickness of wall, 

Approximate no. feet 192 192 196 196 196 
Per foot (see Special 12 17 -20 26 39 


11588. RUBBER TUBING, Red, Antimony, light wall, hand made, cloth impression. Retains its elasticity longer 
than No. 11580 and is referred by many users for this reason. 


Thickness of wall, inches...................... vs 
Approximate no. feet per box.................. 192 192 192 196 106 196 
Per foot (see Special Notice)................... .06 .09 13 15 24 39 


11590. RUBBER TUBING, Red, Antimony, heavy wall, same quality as No. 11538. Preferred by many users for 
Bunsen burner tubing i in place of No. 11582 


Approximate no. feet 192 192 1 196 196 
Per foot (see Special 15 36 53 


Special Notice. Rubber Tubing of the various kinds listed comes from the manufacturer in original 12 aa 
lengths or in boxes of the quantity indicated under each size. In small quantities rubber tubing is sold only in 
lengths of 3 feet or multiples of 3. e will allow a discount of 15% on orders for 12 ft. lengths and a 30% discount on 
orders for original boxes. 


No. 11572. 
11572. RUBBER STOPPERS, made from best quality of rubber especially for laboratory use; will not harden from 
age. Each size furnished in three styles—solid, one hole or two holes.................- ....Per pound $1.40 

Table Showing Approximate Number of Rubber Stoppers in One Pound 
Number................... 00; 0; 1; 2; 3) 4) 5) 6! 7 8 9} 10) 11, 12) 13 
Diameter large end, mm. 17] 18; 20) 23) 25) 27) 32; 37) 41) 45) 50) 56) 63) 68 


Diameter small end, mm. 9} 12} 15} 16} 18; 20} 23) 26} 30) 33) 42) 48} 53) 61 
Approximate 120; 80} 60} 55} 42} 33) 28! 20) 15) 12} 11} 6] 5) 4 


Number in bole. ... 130} 90} 65| 60} 45} 35} 30] 21) 16] 13! 11) 8} 6] 4 
Pound 2 hole....] 138] 94} 70] 64! 47] 38) 32! 221 17] 14! 12] 8] 6! 5) 4 


Note: We* will allow a discount of 159 on orders for rubber stoppers of 10 pounds 
or more and a 25‘ discount on orders of 25° pounds or more. 


7240. GLOVES, Rubber, black, medium weight. Sizes 6 to 10. per pair 70 
7242. GLOVES, Rubber, tight fitting, made of thinnest pure gum, as_ age 


by surgeons in operating. Sizes 6 to per pair .75 
7246. GLOVES, Rubber, Acid Gloves, loose fitting, heavy, prancing 
Light weight. ‘Sizes per pair $2.70 
eee Heavy weight. Sizes 10 to 12....................... per pair 4 
No. 7242 Kindly give size of usual kid glove in ordering. No. 7246 
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Send for Descriptive Circular 
and Reprint 


BOCK-BENEDICT 
COLORIMETER 


Devised by Dr. Joseph C. Bock and 
Dr. Stanley R. Benedict of the Depart- 
ment of Chemistry, Cornell University 
Medical College, New York, and fully 
described in the August number of The 
Journal of Biological Chemistry, 1918. 


Simple in construction and highly ac- 
curate, this new form of a Colorimeter 
is an ideal instrument for the laboratory 
worker and scientific clinician as well as 
for the student. It is reasonably priced 
and can be favorably compared with 
other more expensive colorimeters. All 
parts are easily replaced at small cost. 
Cells and cups are made to resist acids, 
alkalies, and heat. $40.00 


KLETT MFG. CO., Inc. 


202 E. 46th St. New York 


IN JANUARY, 1917 


THE BACILLUS ACIDOPHILUS 


was introduced and made available to the medical profession 


FOR THE FIRST TIME 


through 


BACID PREPARATIONS 


which were created solely to make fossible the therapeutic use of this anti- 
putrefactive organism which has now been used continuously for nearly 
five years through this exclusive distribution. 


BACID PREPARATIONS 


TAB LETS—CAPSULES—LIQUID CULTURES 


do not now and never have contained the 


B. bulgaricus—either 


Type A. or Tye B 


LITERATURE—BIBILOGRAPHY—ON REQUEST 
Guaranteed and Manufactured ONLY by 


THE ARLINGTON CHEMICAL COMPANY 
YONKERS, N. Y. 
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‘* Eternal Vigilance is the Price of Accuracy ’’ 


FORTY YEARS 


The Traditions and Standards developed in our shops since 
1881 are reflected in the accuracy and quality of each piece of 
apparatus made by us. The scientific worker cannot afford 
to overlook the painstaking care and pride of workmanship 
summed up in the trade mark 


We are specialists in the manufacture of apparatus made to order. 
We are the original manufacturers of the Van Slyke CO: apparatus and 
amino nitrogen apparatus, the Van Slyke-Cullen Urea apparatus, Folin’s 
tubes and pipettes, The Fredericia apparatus and many other types 
now widely used. 


If you are rot already one of our many customers 


WHY NOT? 
FULL LINE OF LABORATORY SUPPLIES 


THE EMIL GREINER COMPANY 


ESTABLISHED 1881 


55 Fulton Street (75) 


Folin 


Blood 
New York, N. Y. Piette 


The STANDARD of 
PFANSTIEHL 
is the 


STANDARD for RESEARCH 


S with Pfanstiehl Sugars and 

Amino-Acids we have set a 

new mark of purity, so with Pfan- 

stiehl Analyzed Laboratory Chem- 

icals we set a standard guaranteed 

to equal or surpass the highest pub- 
lished at home or abroad. 


Write for booklet giving the products available in 
the Standard of Pfanstiehl 


Supplied by the principal dealers 


OEVOTEDO TO THE CHEMICAL INDEPENDENCE OF AMERICA 


HIGHLAND Park. ILL. 


SPECIAL CHEMICALS COMPANY 
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BOVIE POTENTIOMETER 


A semi-automatic recording potentiometer directly reading and recording 
H-ion concentrations (and the resulting Sérensen pH values) 
without computation of voltage values or the use 
of transformation tables 


ue 

tH 


LEEDS & NORTHRUP 
PY WILRDELP 


Originally described in Journal of Medical Research, 33: 295, 1915, by Dr. W. T. Bovie, assistant 
professor of biophysics, Harvard University, and designed and constructed by: Leeds and Northrup Company. 
This is a semi-automatic recording potentiometer by means of which H-ion concentrations are directly 
plotted as a function of some measurable, variable quantity, with which the H-ion concentration is chang- 
ing. The variable quantity may, for example, be amount of titrating solution added or elapsed time. 
Records are made on a special cross-section paper by means of a marking device automatically moved along 
the H-ion scale as the potentiometer is balanced. This feature makes the instrument particularly adapted to 
research problems in which a record of the change in H-ion concentration is desirable as the charts can be 
filed away with the observer’s experiments. In courses of physical chemistry, biochemistry, etc., this graphic 
method of emphasizing the true meaning of acidity and alkalinity and of the difference between actual 
reaction and total reaction seems particularly commendable. 


A reflecting galvanometer, especially designed for gas chain work is built into the case with the instru- 
ment, as 18 also the standard cell against which the working current is adjusted. The necessary tapping keys 
are mounted for convenient manipulation, and binding posts are provided for connection to circuit for 
operating the galvanometer lamp, to the gas chain consisting of a saturated KCl calomel electrode and 
hydrogen electrode; and to the working current for the potentiometer, usually two dry cells. A rheostat for 
adjusting the working current is mounted in the instrument and a dial corrects the instrument reading for 
temperature changes in the gas chain. The galvanometer is sensitive to changes of 0.01 ofa pH unit; its 
accuracy, depending somewhat on the gas chain resistance, is less, but on the same order of magnitude. 


4890. Bovie Potentiometer, L. &. N., as above described, with 25 sheets of 
semi-multiple logarithmic coérdinate paper and one spare lamp, diagram 
of connections and instructions for use; with resistance for galvanometer 
lamp for operation on 110-volt circuit......... ....- 250.00 
4891. ditto, but with resistance for 220-volt circuit ................. 250.00 


Descriptive literature on request. Orders accepted now for October delivery. 


ARTHUR H. THOMAS COMPANY 


WHOLESALE, RETAIL AND EXPORT MERCHANTS 
LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE PHILADELPHIA, U. S. A. 
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AN OUTFIT 


FOR 


Basal Metabolism 
Kstimations | | 
| 


AS DESIGNED BY 


Dr. Cameron Vernon Bailey of the 
Laboratory of Pathological Chemistry 
New York Post Graduate Medical 
‘School and Hospital 


14 
For detailed description see September issue 
e Journal of Laboratory and Clinical Medicine 
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REPRESENT QUALITY OF HIGHEST STANDARD 


MANUFACTURED BY 


C. M. SORENSEN CO., Inc. 


DEPT. K i 


177 East 87th Street New York 
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AGAIN AVAILABLE 


Microscopic Slide 
Trays 


Durably made of double 
weight faced cardboard. 
Inserts for slides are num- 
bered, have white back- 
ground and are depressed 
on either side to facilitate 
removal. Covers have 
printed record index and 
are securely fastened with 
two clamps. 


* 14427 Slide Trays—Map Form. To hold fourteen slides. Per dozen........ $4.00 
#14429 Slide Trays—Map Form. To hold twenty slides. Per dozen........ $3.50 


WILL CORPORATION 


Products for 
Guaranteed Without Reservation 


N 


Strength and Pliability are Found in 


Armour’s lodized Sheep Gut Ligatures 


which are made from lamb’s gut selected in our 
abattoirs especially for surgical purposes. 


The Armour Iodized Ligatures possess full tensile strength and their pli- 
ability prevents breakage at the knot. They are iodized to the core and are 
absolutely sterile. Regular lengths, sizes 00 to number 4 at $2.50 per dozen. 
We also offer Plain and Chromic Ligatures, sizes 000 to number 4 regular 
lengths $2. 30 prs i dozen, emergency lengths, $1.50 per dozen (nothing but the 


smooth side of the intestine is used in the manu- 


facture of the Armour Ligatures). 
fi Suprarenalin Solution, 1:1000 is stable, uni- 
fELABORATORY 
PRODUCTS 


form and free from preservatives. 

Pituitary Liquid is physiologically standardized 
and is ready for hypodermatic use—)4 c. c. ampoules 
for obstetrical and 1 c.c. ampoules for surgical use. 


Literature upon the ARMOUR LABORATORY PRODUCTS for the medical profession only. 


ARMOUR avo COMPANY 
CHICAGO 


Headquarters for the endocrines and other organotherapeutic products. 


6 


| 
{ 
| 
| > | 
j 
! 
¥ 
| 
| 
| 
| | 
| | 
' 
_ 


LaMotte Standards 
GUARANTEED 
Section 1.—Standardized Indicator dyes. Covering a wide range of H-ion con- 
centration. Supplied in dry form and in sterile stock solutions. Each indicator 
is standardized in strict accordance with the specifications of Clark & Lubs. (Jr. 
Bact., Vol. II, Nos. 1, 2, 3, 1917.) 


Common Name Color Change Pa Value 
Thymol Blue (acid range) red-yellow 1.2-2.8 
Methyl Cranes red-yellow 2.9-4.0 
Bromphenol Blue yellow-blue 3.04.6 
Resorcin Blue pink-blue 4.0-7.2 
Methyl Red red-yellow 4.4-6.0 
Bromcresol Purple yellow-purple 5.2-6.8 
Litmus (special) -blue 5.5-8.9 
Bromthymol Blue yellow-blue 6.0-7.6 
Phenol- Red yellow-red 6.8-8.4 
Cresol]l Red yellow-red 7.2-8.8 
Thymol Blue (alkaline range) yellow-blue 8.0-9.6 
Cresol-phthalein colorless-red 8.2-9.8 
Phenol-phthalein colorless-red 8.4-9.2 


Section 2-B.—Specially prepared and standardized Buffer salts and solutions. 
Buffer mixtures may be obtained in series covering any particular range of H-ion 
concentration from Px 1.0 to 10.0. 

Standardized Buffer Solutions (M/5) 


Potassium Phosphate Potassium Phthalate Sodium Hydroxide (CO: free) 
Potassium Chloride Hydrochloric Acid Di-Sodium Phosphate, 2H:0 


A large number of general synthetic and purified compounds are manufactured by 
us and information concerning them may be obtained by addressing 


LA MOTTE CHEMICAL PRODUCTS CO. 


‘‘Standards Department’’ 
13 W. Saratoga St. Baltimore, Md. 


American Association for Cancer Research 


THE JOURNAL 


OF 
CANCER RESEARCH 


The official organ of the 


CENTRIFUGES 


WILLIAM H. WOGLOM 
Editor 


INTERNATIONAL 


The Journal is of interest from the practi- 
cal and theoretical standpoints. 

Five dollars a volume— United States and 
Canada. Five dollars and fifty cents else- 
where. 


Order from 


WILLIAMS & WILKINS COQ. 
Baltimore, U. S. A. 


Latest model, self-balancing cen- 
trifuge with brake and brush re- 
lease, and removable top adapted 
to use with perforated basket. 


International Equipment Co. 
352 Western Avenue (Brighton) 
Boston 35, Mass. 

Catalogue Cy sent on Request 
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PHYSIOLOGICAL 
ABSTRACTS 


Monthly, price 5s. net. Annual Subscription, post free, 40s. 


This Journal is issued by the PHYSIOLOGICAL 
SOCIETY, acting in cooperation with numer- 
ous physiological organisations in Great Britain, 
America, and other countries. 


The Editor, Professor Ha tteurron, is assisted by 
a staff of competent abstractors both at home and 
abroad. 


The Journal aims at issuing promptly abstracts of 
the papers published throughout the world, in 
physiological and allied sciences (including plant 


physiology). 


A number is published at the beginning of each 
month. 


Volume VI begins with the April (1921) issue. 


Most of the numbers of preceding volumes can still be ob- 
tained from the Publishérs at the price of 4s. per No. A 
few numbers which are now scarce are 8s. per No. 


Subscriptions are only taken for April to March of the 
next year, and are payable in advance. 


PUBLISHED BY 


H. K. LEWIS & CO., Ltd. 


28 Gower Place LONDON, W.C. 1 


| 


- The Journal of General Physiology 


Edited by | 
JACQUES LOEB, New York, N. Y. | 
W. J. V. OSTERHOUT, Cambridge, Mass. | 


The Journal of General Physiology is devoted to the explanation 
of life phenomena on the basis of the physical and chemical consti- 
tution of living matter. 

The Journal of General Physiology is issued bimonthly, one | 
volume of about 600 pages appearing in a year. Contributions | 
should be sent to the editors of The Journal of General Physiology, | 
The Rockefeller Institute for Medical Research, Avenue A and 
66th Street, New York, N. Y., or 60 Buckingham Street, Cam- 
bridge, Mass. The papers should be limited preferably to twenty 
printed pages, not counting the space occupied by illustrations. 
Authors receive 100 reprints of their papers free of charge; addi- 
tional copies may be obtained at cost. 

The subscription price per year (one volume) is $5.00, payable 
inadvance. Single copies cost $1.00. 

Remittances should be made by draft or check on New York, 
or by postal money order, payable to The Journal of General Physi- 
ology, Mount Royal and Guilford Avenues, Baltimore, Md., or 
Avenue A and 66th Street, New York, N. Y. 


CONTENTS OF VOL. IV, No. 2, NOVEMBER 20, 1921 


Hecut, Seuic.” The nature of foveal dark adaptation. 

Puitie H., Witson, J. and The selec- 
tive absorption of potassium by animal cells. If. The cause of potassium 
selection as indicated by the absorption of rubidium and cesium. 

GARREY, WALTER E. The relation of respiration to rhythm in the cardiac gan- 
glion of Limulus polyphemus. 

SmituH, EpirH Comparative studies on respiration. XIX. A prelimi- 
nary stage in the progress of ether anesthesia. 

Moore, A. R. Stereotropic orientation of the tube feet of starfish (Asterzas) and 
its inhibition by light. 

InMAN, O. L. Comparative studies on respiration. XX. The cause of partial 
recovery. 

Brooks, MATILDA MoupENHAUER. The effect of hydrogen ion concentration on 
the production of carbon dioxide by Bacillus butyricus and Bacillus subtilis. 

Lors, JAcqures, and Logs, Ropert F. The influence of electrolytes on the solu- 
tion and precipitation of casein and gelatin. 

Lors, Jacques. The origin of potential differences responsible for anomalous 


osmosis. 
Published by 


The Rockefeller Institute for Medical Research 
Avenue A and 66th Street, New York, N. Y. 
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NUMEROUS ILLUSTRATIONS 


For Chemists, Metallurgists, Biologists, and Bacteriologists 


The Determination of 
Hydrogen Ions 


W. Mansfield Clark, Ph.D. 


This treatise on the hydrogen electrode, indicator, and supplementary 
methods of determining hydrogen ion concentrations, with an indexed bib- 
liography of eleven hundred references on applications, is an important con- 
tribution to the literature in this field. 


Are You Interested in 


analytical methods, in the acidity of your garden soil, in enzymes, in blood 
and the determination of acidosis, in modern methods of handling protein 
solutions, in the cultivation and study of bacteria, yeasts, molds and tissue, 
in autolysis, hydrogen ion catalyses, colloids, the digestive system, filtration, 
— — natural waters, the hydrogen ion concentration of biolog- 
ical fluids? 


If so, you will need the methods and the references found in 


The Determination of Hydrogen Ions 


Limited Edition 318 pages 


WILLIAMS & WILKINS COMPANY, Publishers 


anND Company, 
Mount Royal and Guilford Avenues, 
Baltimore, U. S. A. 


Please enter an order for.......... copy(s) of The Determination of Hydrogen Ions by W. Mansfield 
Clark, Ph.D. Remittance for $5.00, United States, Mexico, Cuba; $5.25. Canada; $5.50, other countries, is 
enclosed to cover. (or) Remittance will be made on receipt of your statement. (or) Remittance will be made 


INDICATOR CHART IN COLORS 


by | 
(Please state whether Dr., Prof., etc.) 
10 


THE AMERICAN JOURNAL 
TROPICAL MEDICINE 


OFFICIAL ORGAN OF THE 


AMERICAN SOCIETY OF TROPICAL MEDICINE 


Editor-in-Chief 
H. J. NICHOLS 


Medical Corps, U. S. Army 
Army Medical School, Washington, D.C. 


Advisory Editorial Board 


R. K. ASHFrorpD G. W. McCoy 
Medical Corps, U. S. Army, San Juan, Porto Rico Director, Hygienic Laboratory, U.S. P. H. S., 
C. C. Bass Washington, D. C. 
Tulane University, New Orleans, La. K. Ff. MEYER 
M. F. Bovpb University of California, San Francisco, Calif. 
University of Texas, Galveston, Texas B. H. Ransom 


Department of Agriculture, Washington, D. C. 


C. F. Craic 

Medical Corps, U. S. Army, Army Medica! School, R. P. StRONG 
, Washington, D. C. Harvard University, Cambridge, Mass. 

EORGE Dock 

Washington University, St. Louis, Mo. A. SMITH 

: University of Pennsylvania, Philadelphia, Pa. 

SIMON FIEXNER 

Rockefeller Institute, New York City ve 
Wer chiar Dances Surgeon General U.S. Navy, Washington, D. C. 


Memphis, Tenn. W.S. THAYER 
W. D. McCaw Johns Hopkins University, Baltimore, Md. 


Asst. Surgeon General, U.S. Army, Army Medical E. J. Woop 
School, Washington, D.C. Wilmington, N. C. 
Ex Officio Advisory Editorial Board 
The American Society of Tropical Medicine 


J. M. Swan, President GEORGE Dock, Councillor 
F. MEYER, Ist Vice-President C. L. Fursusn, Councillor 
V. G. HEISER, 2nd Vice-President J. F. SrteEr, Councillor 

S. K. Sruon, Sec’y and Treasurer J. H. Waite, Councillor 
A. J. SMITH, Asst. Sec’y and Treasurer C. S. BuTLER, Councillor 


Issued Bimonthly; six issues a year, 85 pages, approximately, an issue; one 
volume a year is planned at present. 
Price, net postpaid: $5.00, United States and dependencies, Mexico, Cuba; 
$5.25, Canada; $5.50, other countries. 


Order from 


WILLIAMS & WILKINS COMPANY 


Publishers of Scientific Journals and Books 
BALTIMORE U. S. A. 
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THE PRESENTATION of essential data 

concerning vitamines to succeeding groups 
of students has become increasingly difficult 
with the development of research in this field. 
The literature itself has assumed a bulk that 
precludes sending the student to origina] sources 
except in those instances when they are them- 
selves to become investigators. The demand on 
the part of the layman for concise information 
about the new food factors is increasing and 
worthy of attention. For all of these reasons it 
has seemed worth while to collate the existing 
data and put it in a form which would be avail- 
able for both student and layman. Such is the 
purpose of The Vitamine Manual. 


[* HAS been cailed a manual since the arrange- 

ment aims to provide the student with 
working material and suggestions for investiga- 
tion as well as information. The bibliography, 
the data in the chapter on vitamine testing, the 
tables and the subdivision of subject matter 
have all been arranged to aid the laboratory 
workers and it is the hope that this plan may 
make the manual of apece value to the stu- 
dent investigator. The details necessary to 
laboratory investigation are separated from the 
more purely historical aspects of the subject, an 
arrangement that will be appreciated by the 
lay reader as well as the student. 


N?2 APOLOGIES are made for data which 
on publication shall be found obsolete. 
The whole subject is in too active a state of in- 
vestigation to permit of more than a record of 
events and their apparent bearing. 


(From the preface of Tae ViTAMINE MANUAL) 


A Timely 


New Book 


that answers the demand 


tor concise information 


about the new 
food factors 


BY 


WALTER H. EDDY 
ASSOCIATE PROFESSOR PHYSIOLOGICAL CHEMISTRY 
Teachers College, Columbia University 


THE VITAMINE MANUAL 


‘he Vitamine Manual will prove useful to Medical Men, Public Health Officers, 
Dietitians, Nutrition Experts, Chemists, and to all individuals interested in promot- 
ing correct habits of living and correct habits of diet. 


The Vitamine Manual will serve as a valuable text for classroom purposes. 


WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Journals and Books 


& WILkins Company, 
Publishers of Scientific Journals and Books, 
Baltimore, Maryland, U. S. A. 


I (or) We enclose $......for......copy (copies) of THE VITAMINE 
MANUAL. 
Price, $2.50 a copy, net postpaid 


5 Copies - - - - 10% discount 25 Copies - - - - 15% discount 
10 Copies - - - - 12% discount 50 Copies - - - - 20% discount 
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